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Harris Semiconductor is a pioneer in developing and producing Discrete Power prod- 
ucts for the most demanding Commercial applications in this world and beyond. 


This databook fully describes Harris Semiconductor’s line of MOS Controlled Thyis- 
tors, Insulated Gate Bipolar Transistors (IGBTs) and Power Diodes/Rectifiers. It 
includes a complete set of datasheets for product specifications, application notes 
with design details for specific applications of Harris products, and a description of 
the Harris Quality and Reliability program. A New AnswerFAX section has been 
added to allow Users to request the latest datasheets and have them delivered 
immediately to your FAX machine. A detailed listing of product Packaging dimen- 
sions provides a wide variety of information at your fingertips. 


Harris offers an extensive line of MCT/IGBT/DIODES components including; * MOS 
Controlled Thyristors * Insulated Gate Bipolar Transistors (IGBTs) ¢ IGBTs with Anti- 
Parallel Diodes * Current Sensing IGBTs ¢ Voltage Clamping IGBTs ¢ Ultrafast 
Diodes * Hyperfast Diodes found in Sections 2 through 7. 


It is our intention to provide you with the most up-to-date information on MCT/IGBT/ 
DIODE Products. For complete, current and detailed technical specifications on any 
Harris devices please contact the nearest Harris sales, representative or distributor 
office, listed at the end of the databook; or direct literature requests to: 


Harris Semiconductor Literature Department 
P.O. Box 883, MS 53-204 
Melbourne, FL 32902 
Phone: 1-800-442-7747 
Fax: 407-724-7240 


See Section 11 for Information Available on AnswerFAX, 407-724-7800 


Harris Semiconductor products are sold by description only. All specifications in this product 
guide are applicable only to packaged products; specifications for die are available upon 
request. Harris reserves the right to make changes in circuit design, specifications and other 
information at any time without prior notice. Accordingly, the reader is cautioned to verify that 
information in this publication is current before placing orders. Reference to products of other 
manufacturers are solely for convenience of comparison and do not imply total equivalency of 
design, performance, or otherwise. 
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* MOS Controlled Thyristors (MCTs) 20 

* Insulated Gate Bipolar Transistors (IGBTs) 3 
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Application Notes 8 
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* Product Selection Guide located at the beginning of section. 


TECHNICAL ASSISTANCE 


_ For technical assistance on the Harris products listed in this databook, 
please contact the Field Applications Engineering staff available at one of the follow- 
ing Harris Sales Offices: 


UNITED STATES 
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Costa Mesa .......... 02. ce eee eens 714-433-0600 
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GEORGIA Duluth bin ars owe’ Sie Soe alas. eee eure 404-476-2035 
ILLINOIS Schaumburg.........ssececeeeceeecs 708-240-3480 
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NEW YORK Hauppauge. occ eds coh teh se tas 516-342-0291 
| - | Wappingers Falls ..............0-500- 914-298-1920 
TEXAS Dallas oir boc Beton eee eter ees 214-733-0800 

INTERNATIONAL 

FRANCE PaliSc4ss4a4 oosesiuees aeeew ads 33-1-346-54046 
GERMANY | MURICN occu cs Sats bodead eee ete tes 49-89-6381 3-0 
HONG KONG KOWIOON sieves dat dees ee tae tees 852-723-6339 
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SINGAPORE : (DINDADOS 25625 eoh tacts oeewens Sees 65-291-0203 
TAIWAN TAPE) icc chdwn tude aa phe. we ses 886-2-716-9310 
UNITED KINGDOM — ;, CAMbeneynariant ised hee cea: 44-2-766-86886 


For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS) or call 
Harris AnswerFAX for immediate fax service at 407-724-7800 
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MCTV75P60E1, 75A, 600V P-Type MOS Controlled Thyristor (MCT).............0000es 
MCTA75P60E1 | 

ULTRAFAST DUAL DIODES 


~ BYW51-100, BYW51-150, 
BYW51-200 


RURP810CC, RURP815CC, 
RURP820CC 


RURG1510CC, RURG1515CC, 
RURG1520CC 


RURG1540CC, RURG1550CC, 
RURG1560CC 


RURG1570CC, RURG1580CC, 
RURG1590CC, RURG15100CC 


RURG3010CC, RURG3015CC, 
RURG3020CC 


RURG3040CC, RURG3050CC, 
RURG3060CC 


RURG3070CC, RURG3080CC, 
RURG3090CC, RURG30100CC 


RURG30120CC 


RURH1570CC, RURH1580CC, 
RURH1590CC, RURH15100CC 


MUR1610CT, MUR1615CT, 
MUR1620CT 


MUR3010PT, RURH1510CC, 
MUR3015PT, RURH1515CC, 
MUR3020PT, RURH1520CC 


BA, 100V - 200V Ultrafast Dual Diodes ........ 00.0. s0cecceceeeeeces 
8A, 100V - 200V Ultrafast Dual Diodes ............... cee eee eee 
15A, 100V - 200V Ultrafast Dual Diodes .................. 0. eee ee eee 
15A, 400V - 600V Ultrafast Dual Diodes ... 2.1.0.0... . cee eee ees 
15A, 700V -1000V Dual Ultrafast Diodes........... 0.0... ce eee eee 
30A, 100V - 200V Ultrafast Dual Diodes .............. 0... eee eee ee 
30A, 400V - 600V Ultrafast Dual Diodes .............. cece ee ee 
30A, 700V - 1000V Ultrafast Dual Diodes ............ 00 cece cece eee es 


30A, 1200V Ultrafast Dual Diode.......... ec eee et ee ees 
15A, 7OOV - 1000V Ultrafast Dual Diodes ................ 0. cee ee eee 


16A, 100V - 200V Ultrafast Dual Diodes ................ cee ees 


15A, 100V - 200V Ultrafast Dual Diodes .............. 0. cece ee eens 


6-5 


6-10 


6-13 


6-16 


6-19 


6-22 


6-25 


6-28 
6-31 


6-34 


6-39 


PRODUCT INDEX BY FAMILY (Continued) 


MUR3040PT, RURH1540CC, 15A, 400V - 600V Ultrafast Dual Diodes ............. 0. cece eee eee 
MURS3050PT, RURH1550CC, 
MURS060PT, RURH1560CC 


RURH3010CC, RURH3015CC, 30A, 100V - 200V Ultrafast Dual Diodes ..................... ree 
RURH3020CC 


RURH3040CC, RURH3050CC, 30A, 400V - 600V Ultrafast Dual Diodes ............... eee eee eee 
RURH3060CC 


RURH3070CC, RURH3080CC, 30A, 700V - 1000V Ultrafast Dual Diodes .......... 0... eee 
RURH3090CC, RURH30100CC 


RURM1610CC, RURM1615CC, 16A ,100V - 200V Ultrafast Dual Diodes ............ 0... ce ee ee eee 
RURM1620CC 


ULTRAFAST SINGLE DIODES 


A214 Series 2A, 50V - 200V Ultrafast Diodes ......... 0... ce ce ee ee ee es 
A315 Series 3A, 50V - 200V Ultrafast Diodes ......... 0... eee ee ee eee ee sans 
GE1001, GE1002, 1A, 50V - 200V Ultrafast Diodes ........ 0... cc ec ee cee eee 


GE1003, GE1004 


GE1101, GE1102, 2.5A, 50V - 200V Ultrafast Diodes... 0... . 2... ee eee eee 
GE1103, GE1104 


GE1301, GE1302, 6A, 50V - 200V Ultrafast Diodes ........ 0... ee ee cece ee eee eee 
GE1303, GE1304 


RURD410, RURD415, 4A, 100V - 200V Ultrafast Diodes ......... 0. cee ee ee eee eee 
RURD420, RURD4108S, 
RURD415S, RURD420S 


RURD440, RURD450, 4A, 400V - 600V Ultrafast Diodes ...... 0.0... eee ee eee eee 
RURD460, RURD440S, 
RURD450S, RURD460S 


MUR810, RURP810, BA, 100V - 200V Ultrafast Diodes ..... 0... . cc cece eee eee eee 
MUR815, RURP815, 
MUR820, RURP820 


MUR840, RURP840, 8A, 400V - 600V Ultrafast Diodes ............. 0 ee ec we teens 
MUR850, RURP850, 
MUR860, RURP860 


MUR870E, MUR880E, 8A, 7OOV - 1000V Ultrafast Diodes ........ 0... ccc ee eee 
MUR890E, MUR8100E, 

RURP870, RURP880, 

RURP890, RURP8100 


MUR1510, RURP1510, 15A, 100V - 200V Ultrafast Diodes ........... cece ec eee ee eens 
MUR1515, RURP 1515, 
MUR1520, RURP 1520 


MUR1540, RURP 1540, 15A, 400V - GOOV Ultrafast Diodes ........... 0... cee we cee 
MUR1550, RURP 1550, 
MUR1560, RURP1560 
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6-48 


6-51 


6-54 


5-5 
5-8 
5-11 


5-14 


5-17 


5-20 


5-24 


5-28 


5-30 


5-33 


5-36 


5-39 


GENERAL 
INFORMATION 


RURP1570, RURP 1580, 
RURP1590, RURP 15100 


RURP3010, RURP3015, 
RURP3020 


RURP3040, RURP3050, 
RURP3060 


RURP3070, RURP3080, 
RURP3090, RURP30100 


RURP30120 


RURG3010, RURG3015, 
RURG3020 


RURG3040, RURG30S5O, 
RURG3060 


RURG3070, RURG3080, 
RURG3090, RURG30100 


RURG30120 


RURGS5040, RURGS5050, 
RURGS5060 


RURG5070, RURGS5O80, 
RURGS5090, RURG50100 


RURG75120 


RURG8040, RURG8050, 
RURG8060 


RURG8070, RURG8080, 
RURG8090, RURG80100 


RURU5040, RURUS5S050, 
RURUS5060 


RURU5070, RURU5080, 
RURU5090, RURU50100 


RURU75120 


RURU8040, RURU8050, 
RURU8060 


RURU8070, RURU8080, 
RURU8090, RURU80100 


RURU 10040, RURU10050, 
RURU 10060 


RURU 100120 


RURU 15040, RURU15050, 
RURU 15060 


RURU15070, RURU15080, 
RURU15090, RURU150100 


PRODUCT INDEX BY FAMILY continue) 


15A, 700V - 1000V Ultrafast Diodes .............. cee eee eee 
30A, 100V - 200V Ultrafast Diodes ...... 0... cece eee eee 
30A, 400V - G0OV Ultrafast Diodes tenet eee tenet teen eee 
30A, 700V - 1000V Ultrafast Diodes ............. cee eee eee 


30A, 1200V Ultrafast Diode... 1... eee ee cee cee eens 
30A, 100V - 200V Ultrafast Diodes ......... 0... cc ee eee 


30A, 400V - 600V Ultrafast Diodes ................ Bae eicedvedavs Sie 
30A, 7OOV - 1000V Ultrafast Diodes .................0.. 00 eee 


30A, 1200V Ultrafast Diode... .. 0... ee eee 
50A, 400V - 6OOV Ultrafast Diodes ........... 0... eee ee 


50A, 7OOV - 1000V Ultrafast Diodes ................. 2.02 eee 


75A, 1200V Ultrafast Diode... ...... 0... ee eee eee eee 
80A, 400V - 6O00V Ultrafast Diodes ................ 2.0. ee eee 


80A, 7OOV - 1000V Ultrafast Diodes .....................008- 
50A, 400V - GOOV Ultrafast Diodes .................. 0.02 eee 
50A, 7OOV - 1000V Ultrafast Diodes ......................00- 


75A, 1200V Ultrafast Diode. ....... 0... ee ee ce eee eee 
80A, 400V - 6OOV Ultrafast Diodes .................. 2.0 cea 


80A, 7O00V - 1000V Ultrafast Diodes .............. 0.0. eee eee 
100A, 400V - 60OV Ultrafast Diodes ............ 0. cece eee eee 


100A, 1200V Ultrafast Diode... 2... ce ee ee eee 
150A, 400V - 600V Ultrafast Diodes ...................068. Pere 


150A, 7OOV - 1000V Ultrafast Diodes ..... eee e eee eee eees 


SELECTION GUIDE 22533 2 ShcA tke eet etek eee eS ae ee ee ee bo ee Eee eee ed alee 2-2 
MOS CONTROLLED THYRISTORS (MCTs) DATA SHEETS 

MCTG35P60F 1 35A, 600V P-Type MOS Controlled Thyristor (MCT) ......... 0... cc eee eee eee ee eens 2-3 
MCTV65P100F1, 65A, 1000V P-Type MOS Controlled Thyristor (MCT)....... 0.2.0.0 cece eee cee eee 2-8 
MCTA65P100F 1 

MCTV75P60E1, 75A, 600V P-Type MOS Controlled Thyristor (MCT)......... 00. c cece cece eee eens 2-13 
MCTA75P60E1 
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MOS CONTROLLED THYRISTOR PRODUCT MATRIX 


5 LEAD TO-247 


MCTA75P60E1 MCTA65P100E1 MCTV75P60E1 MCTV75P100E1 
1000 


MO-093AA 


a 
EE OE SE SK OS | 


t Ix:45; Continuous Cathode Current rated at To = +115°C. 


apinyd uol}99]9S 


ge Harns MCTG35P60F1 


35A, 600V 
December 1993 P-Type MOS Controlled Thyristor (MCT) 
Features Packaging 
e 35A, -600V JEDEC STYLE TO-247 
TOP VIEW 
e Vay = -1.3V(Maximum) at I = 35A and +150°C 
e 800A Surge Current Capability é 


° 800A/s di/dt Capability 

e MOS Insulated Gate Control 

e 50A Gate Turn-Off Capability at +150°C 
Description 


The MCT is an MOS Controlled Thyristor designed for 
switching currents on and off by negative and positive 
pulsed control of an insulated MOS gate. It is designed for 
use in motor controls, inverters, line switches and other 
power switching applications. 


” 
- 
oO 
= 


The MCT is especially suited for resonant (zero voltage or 
zero current switching) applications. The SCR like forward | Symbol 
drop greatly reduces conduction power loss. 


MCTs allow the control of high power circuits with very small G A 
amounts of input energy. They feature the high peak current 

capability common to SCR type thyristors, and operate at 

junction temperatures up to +150°C with active switching. 


The MCTG35P60F1 (formerly TA9789) is supplied in the 
JEDEC Style TO-247 package. 


Due to space limitations, the brand on this part is abbrevi- . 
ated to G35P60F 1. To order this part use the full part num- 
ber. 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
MCTG35P60F1 UNITS 

Peak Off-State Voltage (See Figure 11)... ..... 0... cece cc eee cee eee eee eee Vporm -600 Vv 
Peak Reverse: Vollade «5:5 iced so Maa eeb awe sane ween oe WUE eee wee ae wee e Varo +5 Vv 
Continuous Cathode Current (See Figure 2) 

To = +25°C (Package Limited)... 0... cc ccc cee cece reece nce eas cnsecenenes lkos 60 A 

5 o_o to bs © Rarer reer ae ree gare Sere Ne ce ere ee ee PET 35 A 
Non-repetitive Peak Cathode Current (Note 1) 2.0... ... cece ee eee eee eee eee IKSM 800 A 
Peak Controllable Current (See Figure 10) 2.02... cc ccc cece ce eee ee ence lkc 50 A 
Gate-Anode Voltage (Continuous) ....... 0... ccc ccc eee e eee e eee erences VGA +20 V 
Gate-Anode Voltage (Peak)... 0.0... ccc ccc ccc ce ee cee eee e eee eee eeeees VGAM +25 V 
Rate of Change of Voltage... 0... ccc ccc cece ee eee eee cena eect ee eenns dv/dt See Figure 11 
Rate of Change of Current so. oc ies ced teed a kek ede Eee eee eed eae swees di/dt 800 A/us 
Maximum Power Dissipation ........... ccc cece ce eee eect eee ete n ete cens Py 178 W 
Linear Derating Factor feet obese the tens toe acnt sauce tire leit lente ahaa ee cea 1.43 WC 
Operating and Storage Temperature ....... 0... cece eee cece cee teen eeeeees Ty, Tste¢ -55 to +150 °C 
Maximum Lead Temperature for Soldering ........... 20. c cece cee cee tec eee ceca Th 260 °C 

(0.063” (1.6mm) from case for 10s) 
NOTE: 


1. Maximum Pulse Width of 250s (Half Sine) Assume T, (Initial) = +90°C and T, (Final) = T, (Max) = +150°C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3602 2 
Copyright © Harris Corporation 1993 2.3 


| Specifications MCTG35P60F1 


Electrical Specifications At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


| LIMITS | 
PARAMETER SYMBOL TEST CONDITIONS ; MIN | 
Peak Off-State Blocking _ Via = -G00V, To = +150°C Le 
Current Vaa = +18V : 
Te = +25°C 
| Peak Reverse Blocking | Vika = +5V To = +150°C 
Current Voa = +18V 
Tc = +25°C 
™ 


| On-State Voltage le = Ir 455 Tg = +150°C 
Voa = -1 OV 


| Gate-Anode Leakage Current | tans | Vea = t20V | 


| input Capacitance Ciss 
Current Turn-On Delay Time | tom 


L = 200HH, Ik = lass 

Re = 1Q, Voa = +18V, -7V 
T) = +125°C 

Via = -300V 


V 

[enone | 
[ewonrartme |e 
[rete |r 


Via = -20V, Ty = +25°C 
Voa = +18V 


Typical Performance Curves 


100 
= PULSE TEST z= 

es 50 |- PULSE DURATION = 250y < = 
~ 30 3 a 
é cc 
ww 20 e iz 
va pe ] 
3 ° i 
© 40 Ww 
r 9 al 
2 cS 
= 5 q Ea 
< oO 
5 3 2 IN 
= Z 

2 3 Ct IN 

1 0 

0 0.5 1.0 15 2.0 20 30 40 50 60 70 80 90 100 110 120 130 140 150 

Vim» CATHODE VOLTAGE (V) Tc, CASE TEMPERATURE (°C) 


FIGURE 1. CATHODE CURRENT vs SATURATION VOLTAGE FIGURE 2. MAXIMUM CONTINUOUS CATHODE CURRENT 
(TYPICAL) | 
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Typical Performance Curves (Continued) 


Ty # +150°C, Rg = 10, L = 200:H 


tp(on)h TURN-ON DELAY (ns) 


Ik, CATHODE CURRENT (A) 


FIGURE 3. TURN-ON DELAY vs CATHODE CURRENT 
(TYPICAL) 


Ty = +150°C, Rg = 10, L = 200uH 


ta, RISE TIME (ns) 


Ix, CATHODE CURRENT (A) 


FIGURE 5. TURN-ON RISE TIME vs CATHODE CURRENT 
(TYPICAL) 


Ty = +150°C, Rg = 120, L = 200nH 


Eon, TURN-ON SWITCHING LOSS (mJ) 


40 
Ix, CATHODE CURRENT (A) 


20 


FIGURE 7. TURN-ON ENERGY LOSS vs CATHODE CURRENT 
(TYPICAL) 


Ty= +150°C, Rg = 19, L = 200uH 


tororry, TURN-OFF DELAY (ns) 


Ix, CATHODE CURRENT (A) 


FIGURE 4. TURN-OFF DELAY vs CATHODE CURRENT 
(TYPICAL) 


” 
- 
S) 
= 


15 Ty = +150°C, Rg = 10, L = 200nH 


1.25 


te}, FALL TIME (j:s) 


Ix, CATHODE CURRENT (A) 


FIGURE 6. TURN-OFF FALL TIME vs CATHODE CURRENT 
(TYPICAL) 


Ty = +150°C, Rg #10, L = 200uH 


L- 
Via = -200V 


Eorr TURN-OFF SWITCHING LOSS (mJ) 


30 
Ix, CATHODE CURRENT (A) 


40 


FIGURE8. TURN-OFF ENERGY LOSS vs CATHODE CURRENT 
(TYPICAL) 


MCTG35P60F1 


Typical Performance Curves (Continued) 


Ny 


Te = +115°C, L = 200nH 


=_ 
[=] 
© 


fuax1 = 0.05 / tp(OFF) 
fuax2 = (Pp - Pc) / Eswitcu 

3} Po: ALLOWABLE DISSIPATION 
Pc: CONDUCTION DISSIPATION 
(Pc DUTY FACTOR = 50%) 
Roc 2 0.6°C/W 


fuax, MAX OPERATING FREQUENCY (kHz) 


oi 


10 20 30 50 
Ik, CATHODE CURRENT (A) 


FIGURE9. OPERATING FREQUENCY vs CATHODE CURRENT 
(TYPICAL) 


0.1 1 10 


100 
dvidt (Vis) 


FIGURE 11. BLOCKING VOLTAGE vs dv/dt 


Operating Frequency Information 


Operating frequency information for a_ typical device 
(Figure 9) is presented as a guide for estimating device per- 
formance for a specific application. Other typical frequency 
vs cathode current (i4x) plots are possible using the informa- 
tion shown for a typical unit in Figure 3 to Figure 8. The oper- 
ating frequency plot (Figure 9) of a typical device shows 
fax OF fyaxe Whichever is lower at each point. The informa- 
tion is based on measurements of a typical device and is 
bounded by the maximum rated junction temperature. 


fax: iS defined by fyyax1 = 0.05 / (torony! + to(orryi): toon + 
tp(orF)| deadtime (the denominator) has been arbitrarily held 
to 10% of the on-state time for a 50% duty factor. Other defi- 
nitions are possible. toon), is defined as the 10% point of the 
leading edge of the input pulse and the point where the cath- 
ode current rises to 10% of its maximum value. tpiorr) is 
defined as the 90% point of the trailing edge of the input 
pulse and the point where the cathode current falls to 90% of 


Ty = +150°C, Veg = 18V, L = 100uH 


SRGERTRESRAE 
PET TT ENT Ty 
SEXERER PERE 
5 PING 


PEAK CATHODE CURRENT (A) 


0 
0 -100 -200 -300 -400 
Vxa, PEAK TURN OFF VOLTAGE (V) 


-500 


FIGURE 10. TURN-OFF CAPABILITY vs ANODE-CATHODE 
VOLTAGE 


200 


100 F Cg = 0.1pF, Ty = 425°C = 


= 
@ 50 
3 
fi 20 
i 
7 
- 10 
4 
& YS 
> § Cg = 1pF, Ty = +25°C 
Cs = pF, Ty = +25°C 
2 


0 5 10 1 20 2 30 38 40 
di/dt (A/us) 


FIGURE 12. SPIKE VOLTAGE vs di/dt (TYPICAL) 


its maximum value. Device delay can establish an additional 
frequency limiting condition for an application other than 
Tymax: tocorry is important when controlling output ripple 
under a lightly loaded condition. 


faMaxe is defined by fMaxe = (Pp - Pc) / (EontEorr)- The 
allowable dissipation (Pp) is defined by Pp = (Tyyjax - Te) / 


Rgjc. The sum of device switching and conduction losses 
must not exceed Pp. A 50% duty factor was used (Figure 10) 
and the conduction losses (Pc) are approximated by PC = 
(Vak ® lax) / (duty factor/100). Eon is defined as the sum of 
the instantaneous power loss starting at the leading edge of 
the input pulse and ending at the point where the anode- 
cathode voltage equals saturation voltage (Vax = Vy). Eorr 
is defined as the sum of the instantaneous power loss start- 
ing at the trailing edge of the input pulse and ending at the 
point where the cathode current equals zero (I, = 0). 
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Test Circuits 


200nH RURG3060 


FIGURE 13. SWITCHING TEST CIRCUIT 


MAXIMUM RISE AND FALL TIME OF Vg IS 200ns 


Ve 


“VKA 


FIGURE 15. SWITCHING TEST WAVEFORMS 


5002 VA +9V. 
i 
= 20V 4.7kQ 
+ 
Ik 


FIGURE 14. Vspixe TEST CIRCUIT 


di/dt 


\— VspiKE 


Vak 
FIGURE 16. Vspice TEST WAVEFORMS 


Handling Precautions for MCTs 


Mos Controlled Thyristors are susceptible to gate-insulation 
damage by the electrostatic discharge of energy through the 
devices. When handling these devices, care should be exer- 
cised to assure that the static charge built in the handler's 
body capacitance is not discharged through the device. 
MCT's can be handled safely if the following basic precau- 
tions are taken: 


1. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs or by the insertion into conductive material such 
as “ECCOSORB LD26” or equivalent. 


2.When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means - for example, with a metallic wristband. 


3. Tips of soldering irons should be grounded. 


4.Devices should never be inserted into or removed from 
Circuits with power on. 


5.Gate Voltage Rating - Never exceed the gate-voltage 
rating of Vga. Exceeding the rated Vg, can result in 
permanent damage to the oxide layer in the gate region. 


6. Gate Termination - The gates of these devices are essen- 
tially capacitors. Circuits that leave the gate open-circuited 
or floating should be avoided. These conditions can result 
in turn-on of the device due to voltage buildup on the input 
capacitor due to leakage currents or pickup. 


7.Gate Protection - These devices do not have an internal 
monolithic zener diode from gate to emitter. If gate protec- 
tion is required an external zener is recommended. 


* Trademark Emerson and Cumming, Inc. 


MCTs 


FARRIS 


SEMICONDUCTOR 


uD 


December 1993 | 


Features 

65A, -1000V 

Vim <-1.4V at | = 65A and +150°C 

2000A Surge Current Capability 
2000A/1s di/dt Capability 

MOS Insulated Gate Control 

100A Gate Turn-Off Capability at +150°C 


MCTV65P100F1 
MCTA65P100F1 


65A, 1000V 
P-Type MOS Controlled Thyristor (MCT) 


Package JEDEC STYLE TO-247 5-LEAD 


TOP VIEW 
CATHODE (FLANGE) 


Description JEDEC MO-093AA (5-LEAD TO-218) 
The MCT is an MOS Controlled Thyristor designed for aad 
switching currents on and off by negative and positive volt- CATHODE (FLANGE) 
age control of an insulated MOS gate. It is designed for use / — 
in motor controls, inverters, line switches and other power > ~ANODE 
switching applications. > ANODE 
———_——>>._ CATHODE 
The MCT is especially suited for resonant (zero voltage or —————_ GATE RETURN 
zero current switching) applications. The SCR like forward SCE 
drop greatly reduces conduction power loss. 
MCTs allow the control of high power circuits with very small 
amounts of input energy. They feature the high peak current | Symbol 
capability common to SCR type thyristors, and operate at ANODE 
junction temperatures up to +150°C with active switching. (ANODE KELVIN) AGIA 
GATE RETURN 
The MCTV65P100 is supplied in a 5-lead variation of the GATE 
JEDEC Style TO-247 plastic package, and _ the 
MCTA65P100 in the JEDEC MO-093AA plastic package eaniobe 
which is a 5-lead variation of the TO-218. K 
* Formerly TA9900 CATHODE (TAB) 
Absolute Maximum Ratings (T;, = +25°C) Unless Otherwise Specified 
MCTV65P100F1 
MCTA65P100F1 UNITS 
Peak Off-State Voltage (See Figure 11)......... ccc ce ccc cece ce ete eee ecees Vprm -1000 Vv 
Peak Mevelse Voilage ose uhiec ie ca cw teh ee A aiawlen cae es Ca raat etaees Vram +5 Vv 
Continuous Cathode Current (See Figure 2) 
Tee 425°C (Package Limited) 65.65.0014 ooh Seewaw ais Yee hekaeeeaee ene. lkos 85 A 
Te = +90°C 9 Lorie a ea Sve Meira io! eS as eye) eis mew vase; te Ae! ele cath Ona ecb GTw Gu arre\ es Oe car wile alate, Reh eia ecaje rete Se Ixoo 65 A 
Non-repetitive Peak Cathode Current (Note 1) ........... cece cece ee ee eee eeenee Itsm 2000 A 
Peak Controllable Current (See Figure 10) ........... cee cece cece cece eee eees Itc 100 A 
Gate-Anode Voltage (Continuous) .......... cece ce eee e ete c nets teeeees Voa +20 Vv 
Gate-Anode Voltage (Peak)... 2... ccc ccc ccc cece cece tere tee eceeeeececes Vea +25 Vv 
Rale:of Change of Voltage ce .ectt kes oe ca dic Se terreno eta Sac wees eaaws dv/dt See Figure 11 
Rate: of Change of Curent incite coe ee ee Swine waeacds Saeed Cu weaws sWiewa takes di/dt 2000 A/us 
Maximum Power Dissipation ......... 0. cece cece cece eee e cere ee eeeeeeresecs Pr 208 W 
Linear Derating Factor o5i605.css-rer nti daeeawreudseuee esting iaewsdeaeen 1.67 WwC 
Operating and Storage Temperature ....... 0. ccc cece cee cece cece ee eeeeeees Ty, Tst¢ -55 to +150 °C 
Maximum Lead Temperature for Soldering ............ ccc cece cece eee e ne eeeees TL 260 °C 


(0.063" (1.6mm) from case for 10s) 
NOTE: 


1. Maximum Pulse Width of 200s (Half Sine) Assume T, (Initial) = 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
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+90°C and T, (Final) = T; (Max) = +150°C 


File Number 3516.1 


Specifications MCTV65P100F1, MCTA65P100F 1 


Electrical Specifications At Case Temperature (T;) = +25°C Unless Otherwise Specified 


: LIMITS | 

PARAMETER SYMBOL TEST CONDITIONS | omin | typ | Max | UNITS | 
Blocking Current Voa = +18V : . 
Peak Reverse Via = +5V, To = +150°C poe foe fa | 
Blocking Current Voa = +18V 
On-State Voltage Vim Ik = Ikoo, Te = +150°C Zaae 

Voa = -1 OV 

Gate-Anode le AS Voa = +20V 
Leakage Current | 


Input Capacitance Ciss Via = -20V, Ty = +25°C 
Voa = +18V 

Current Turn-On toon) 

Delay Time 

Current Rise Time Sta 

Current Turn-Off tp(OrF)I 

Delay Time 

Current Fall Time St 


tr 
Turn-off Energy 
Thermal Resistance 


i 200yH, Ik = Ikao0 = 65A 
Rg = 10, Vea = +18V, -7V 
Ty = +1 25°C 
Vica = ~400V 


= 100 3 = 
= —-—  +~& 
az RES EY lu 
WW a ieee roa 
cc eae ete c 
2 me ) 

et 
: || 8 
S < 
c (Ss) 
eC a 

~ 


1 
0.0 0.2 04 06 08 1.0 1.2 14 16 18 20 22 24 20 30 40 50 60 70 80 90 100 110120 130 140 150 160 
Vm» CATHODE VOLTAGE (V) Tc, CASE TEMPERATURE (°C) 


FIGURE 1. CATHODE CURRENT vs SATURATION VOLTAGE FIGURE 2. MAXIMUM CONTINUOUS CATHODE CURRENT 
(TYPICAL) 
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MCTV65P100F1, MCTA65P100F1 


Typical Performance Curves (Continued) 


S 


Ty = +150°C, Rg = 10, L = 20 


70 


Ty = +150°C, Rg = 10, L = 200nH 
60 


50 


40 
CATHODE CURRENT (A) 


Ix, CATHODE CURRENT (A) 
Ix, CATHODE CURRENT (A) 


lke 


(TYPICAL) 
(TYPICAL) 
(TYPICAL) 


cau trnecaewoxae 
errwrrererw rer aod so 


FIGURE 6. TURN-OFF FALL TIME vs CATHODE CURRENT 
FIGURE 8. TURN-OFF ENERGYLOSS vs CATHODE CURRENT 


FIGURE 4. TURN-OFF DELAY vs CATHODE CURRENT 


(sti) Ayad 440-NUNL “440 
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70 


Ik, CATHODE CURRENT (A) 


60 
Ty = +150°C, Rg = 10, L = 200pH 


50 


40 
Ik, CATHODE CURRENT (A) 


Kk» CATHODE CURRENT (A) 


30 


(TYPICAL) 
(TYPICAL) 
(TYPICAL) 


FIGURE 5. TURN-ON RISE TIME vs CATHODE CURRENT 
FIGURE 7. TURN-ON ENERGY LOSS vs CATHODE CURRENT 


FIGURE 3. TURN-ON DELAY vs CATHODE CURRENT 


e = 
(su) Av1aq No-NunL ‘KNO)O, (ru) SSO7 DNIHOLIMS NO-NYNL ‘NZ 


MCTV65P100F1, MCTA65P100F1 


Typical Performance Curves (Continued) 


Fax = 0.05 / Toorr 

Fuax2 = (Pp - Pc) / Egwitcu 

Pp: ALLOWABLE DISSIPATION 
Pc: CONDUCTION DISSIPATION 
(Pc DUTY FACTOR = 50%) 

Rec = 0.5°C/W ; 


Fuay, MAX OPERATING FREQUENCY (kHz) 


Ix, CATHODE CURRENT (A) 


FIGURE9. OPERATING FREQUENCY vs CATHODE CURRENT 


(TYPICAL) 
Ty = +150°C 
: T 
ws BUM 
g | 
ond 
S willl! 
S Bill 
: Hi 
<< 
: ail t 
fa] 
2 sso | A TTT 
= aes Fea SU TT 
cde ATU TTT 
0.1 1.0 10 100 1,000 10,000 
dv/dt (V/uS) 


FIGURE 11. BLOCKING VOLTAGE vs dv/dt 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
9) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs cathode 
current (Ix) plots are possible using the information shown 
for a typical unit in Figures 3 to 8. The operating frequency 
plot (Figure 9) of a typical device shows fryax, OF fraxe 
whichever is smaller at each point. The information is based 
on measurements of a typical device and is bounded by the 
maximum rated junction temperature. 


fax: iS defined by fax: = 0.05 / (torony + tororr)- tovony! + 
tp(orr) deadtime (the denominator) has been arbitrarily held to 
10% of the on-state time for a 50% duty factor. Other definitions 
are possible. tp(on) is defined as the 10% point of the leading 
edge of the input pulse and the point where the cathode current 
rises to 10% of its maximum value. to(oFF)| is defined as the 90% 
point of the trailing edge of the input pulse and the point where 
the cathode current falls to 90% of its maximum value. 


Ty = +1 50°C, Vea = 18V 


0 
0 -100 -200 -300 -400 -500 -600 -700 -800 -900 -1000 
Vika: PEAK TURN OFF VOLTAGE (V) 


FIGURE 10. TURN-OFF CAPABILITY vs ANODE-CATHODE 
VOLTAGE 


Cg = 2uF, Ty = +1 50°C 
Cg = 1pF, Ty = 425°C 
Cg = QuF, Ty = +25°C 


SPIKE VOLTAGE (V) 


0 5 10 15 20 25 30 35 40 45 50 
di/dt (Ais) 


FIGURE 12. SPIKE VOLTAGE vs di/dt (TYPICAL) 


Device delay can establish an additional frequency limiting 
condition for an application other than Tymax- torr is 
important when controlling output ripple under a lightly loaded 
condition. faxe is defined by fMaxo = (Po - Pc) / (EontEoerr). 
The allowable dissipation (Pp) is defined by Pp = (Tyxax - Tc) / 


Rojo. The sum of device switching and conduction losses must 


not exceed Ph. A 50% duty factor was used and the conduction 
losses (Pc) are approximated by Po = (Via ® Ik) / 2. Eon is 
defined as the sum of the instantaneous power loss starting at 
the leading edge of the input pulse and ending at the point where 
the anode-cathode voltage equals saturation voltage (Vkq = 
Vim). Eorr is defined as the sum of the instantaneous power 
loss starting at the trailing edge of the input pulse and ending at 
the point where the cathode current equals zero (Ix = 0). 
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MCTs 


MCTV65P100F1, MCTA65P100F1 


Test Circuits 


DIODES RHRG75120 — 


FIGURE 13. SWITCHING TEST CIRCUIT 


‘ po 
| 


FIGURE 15. SWITCHING TEST WAVEFORMS 


5002 Va +9V , 
I 
= ‘ag 
= 20v 4.7kQ 
+ 
+ ix 


FIGURE 14. Vspixe TEST CIRCUIT 


\— Vspike 


Vim 


Vak 


FIGURE 16. Vspjxe TEST WAVEFORMS 


Handling Precautions for MCT's 


Mos Controlled Thyristors are susceptible to gate-insula- 
tion damage by the electrostatic discharge of energy through 
the devices. When handling these devices, care should be 
exercised to assure that the static charge built in the 
handier's body capacitance is not discharged through the 
device. MCT's can be handled safely if the following basic 
precautions are taken: 


owt, 


.Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs or by the insertion into conductive material such 
as “ECCOSORB LD26” or equivalent. 


2.When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means - for example, with a metallic wristband. 


3. Tips of soldering irons should be grounded. 


4. Devices should never be inserted into or removed from cir- 
cuits with power on. 


5.Gate Voltage Rating - Never exceed the gate-voltage 
rating of Vea. Exceeding the rated Vg, can result in 
permanent damage to the oxide layer in the gate region. 


6. Gate Termination - The gates of these devices are essen- 
tially capacitors. Circuits that leave the gate open-circuited 
or floating should be avoided. These conditions can result 
in turn-on of the device due to voltage buildup on the input 
Capacitor due to leakage currents or pickup. 


7.Gate Protection - These devices do not have an internal 
monolithic zener diode from gate to emitter. If gate protec- 
tion is required an external zener is recommended. 


* Trademark Emerson and Cumming, Inc. 
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HARRIS 


SEMICONDUCTOR 


ao 


December 1993 


Features 

75A, -600V 

Vry = -1.3V(Maximum) at I = 75A and +150°C 
2000A Surge Current Capability 

2000A/us di/dt Capability 

MOS Insulated Gate Control 

120A Gate Turn-Off Capability at +150°C 


MCTV75P60E1 
MCTA/75P60E1 


75A, 600V 
P-Type MOS Controlled Thyristor (MCT) 


Package  senec styte t0-247 5-LEAD 


TOP VIEW 


CATHODE (FLANGE) 


Description JEDEC MO-093AA (5-LEAD TO-218) 
The MCT is an MOS Controlled Thyristor designed for VOR ee 
switching currents on and off by negative and positive pulsed CATHODE (FLANGE) 
control of an insulated MOS gate. It is designed for use in / — m 
motor controls, inverters, line switches and other power __—_____-» ANODE - 
switching applications. > ANODE S 
—————>._ CATHODE 
The MCT is especially suited for resonant (zero voltage or ——_——_ GATE RETURN 
zero current switching) applications. The SCR like forward = je GATE 
drop greatly reduces conduction power loss. 
MCTs allow the control of high power circuits with very small 
amounts of input energy. They feature the high peak current Sy mbol 
capability common to SCR type thyristors, and operate at ANODE : 
junction temperatures up to +150°C with active switching. (ANODE KELVIN) GIA 
GATE RETURN 
The MCTV75P60 is supplied in a 5-lead variation of the GATE 
JEDEC Style TO-247 plastic package, and the MCTA75P60 
in the JEDEC MO-093AA plastic package which is a 5-lead ere 
variation of the TO-218. K 
* Formerly TA9836 CATHODE (TAB) 
Absolute Maximum Ratings (T, = +25°C) Unless Otherwise Specified 
MCTV75P60E1 
MCTA75P60E1 UNITS 
Peak Off-State Voltage (See Figure 11)....... 2... ccc cece eee e eee ee ences Vor -600 V 
Peak Reverse Voltage 2 iit ose bes tates oua ead cewe CARE eS eee ae Varo +5 Vv 
Continuous Cathode Current (See Figure 2) 
Tes 425°C (Package Limited): (iw 2s.26.005eudinkecadawnee oe a4 Imaeeaeae- sun lKo5 85 A 
Tee O006 Fotis ha stahe three lites dare a bake aoa hana ences cewek lkeo 75 A 
Non-repetitive Peak Cathode Current (Note 1) ...... 0... ccc cece cee eee eeees IKSM 2000 A 
Peak Controllable Current (See Figure 10) ....... 0... . cece cece ce eee eee enee Ike 120 A 
Gate-Anode Voltage (Continuous) ......... 0... cece cece cee nce e eee eeees Voa +20 V 
Gate-Anode Voltage: (Peak) s.s:.:5.605-soe se iwedeen acuedes pteese wine 65565 eas e8 VoGaAM +25 V 
Rate of Change of Voltage... ... ccc ccc cece cece tence etree eee eeeeens dv/dt See Figure 11 
Rate of Change of Current... 0.0... .. ccc ccc ccc cece cence eee c ence eeeeeces di/dt 2000 Als 
Maximum Power Dissipation ....... 0... ccc ccc ee cee eee etree ene ee eeeees Py 208 W 
Linéar Derating FAClOr cs ict cade ek eotew ee eres Cau etek woense ob bs eeleeneend en 1.67 WC 
Operating and Storage Temperature ......... 0... cece ce cece eee cee ee nett eees Ty Tsta -55 to +150 °C 
Maximum Lead Temperature for Soldering ..........ccccc ccc ccc cece ceeseceeees TL 260 °C 


(0.063" (1.6mm) from case for 10s) 
NOTE: 


1. Maximum Pulse Width of 250us (Half Sine) Assume T, (Initial) = 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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+90°C and T, (Final) = T, (Max) = +150°C 


File Number 3374.2 


Specifications MCTV75P60E1, MCTA75P60E1 


Electrical Specifications At Case Temperature (Tc) = +25°C Unless Otherwise Specified 


PARAMETER SYMBOL 


Peak Off-State 
Blocking Current 


Via = GOOV, 
Voa = +1 8V 


Peak Reverse 
Blocking Current 


Via = +5V 


Voa = +18V 


On-State Voltage Ik = Ikgo: 
Vea = -10V 


Vv 
Gate-Anode Vea = £20V 
Leakage Current 
input capacitance Cc 
Voa = +18V 
Current Turn-on toron) L = 200pH, Ik = Ixgo 
Delay Time Rg = 12, Vea = +18V, -7V 
T j= +1 25°C 
Current Rise Time Pte | Va = -300V 
Current Turn-off to(oFF) 
Delay Time 
Current Fall Time 


Turn-off Energy | Bore 
ee 


T™ 

ies Via = -20V, Ty = +25°C 
I 

‘eJC 


Typical Performance Curves 


PULSE TEST ae a eS a ee ee ee ee 
za binevater. | = 100 Lj} |} ft tt 
S100 | = re Fis Hae FN a DD 
= Se 2 ee rr 
a ea 7 .- ee_ttt Tt NTT TT 
38-4 f— wf NEE 
Bsc! J ee AD OO 
2 v= = eg A A A A 
$ = —— ge DG 
= ERP SO 8S 

i} -*_L-TTrrrrrrrin 
LtLtLA FH A 
00 02 04 #06 08 10 12 14 16 18 20 25 35 45 55 65 75 85 95 105 115 125 135 145 155 

Vim, CATHODE VOLTAGE (V) Tc, CASE TEMPERATURE (°C) 


FIGURE 1. CATHODE CURRENT vs SATURATION VOLTAGE FIGURE 2. MAXIMUM CONTINUOUS CATHODE CURRENT 
(TYPICAL) 
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MCTV75P60E1, MCTA75P60E1 


Typical Performance Curves (Continued) 


Ty = +1 50°C, Rg = 10, L = 200pH 


re) 
=) 


3 3 
= 400 > 

% | 

Ww Qa 

2 300 —T a «Cdr 

=z 

z — 1 T= 

sed 
100 os 
- re 


oo 20 30 40 50 60 70 80 90 100 110 120 “10 20 30 40 50 60 70 80 90 100 110 120 
Ix, CATHODE CURRENT (A) Ix, CATHODE CURRENT (A) 
FIGURE 3. TURN-ON DELAY vs CATHODE CURRENT FIGURE 4. TURN-OFF DELAY vs CATHODE CURRENT 
(TYPICAL) (TYPICAL) 


” 
- 
O 
= 


tp; RISE TIME (ns) 
te, FALL TIME (js) 


0 0.0 
10 20 30 40 50 60 70 80 90 100 110 120 10 20 30 40 50 60 70 80 90 100 110 120 
Ix , CATHODE CURRENT (A) Ix , CATHODE CURRENT (A) 
FIGURE 5. TURN-ON RISE TIME vs CATHODE CURRENT FIGURE 6. TURN-OFF FALL TIME vs CATHODE CURRENT 
(TYPICAL) (TYPICAL) 


_Fow TURN-ON SWITCHING LOSS (mJ) 
Fore TURN-OFF SWITCHING LOSS (mv) 


oto 20 30 40 50 60 70 80 90 100 110 120 "$0 20 30 40 50 60 70 80 90 100 110 120 
Ix, CATHODE CURRENT (A) Ix , CATHODE CURRENT (A) 
FIGURE 7. TURN-ON ENERGY LOSS vs CATHODE CURRENT FIGURE8. TURN-OFF ENERGY LOSS vs CATHODE CURRENT 
(TYPICAL) (TYPICAL) 


2-15 


MCTV75P60E1, MCTA75P60E1 


Typical Performance Curves (Continued) 


100 
tresses Eon = Tp(oN) ;=0 
SLATS Eon #0, Tp(on) i* 0 


Fisaxi = 0.05 ! TD(OFF) 
Fax = (Pp - Pc) / Eswitcu — 
N 


Pp: ALLOWABLE DISSIPATION 


Pc: CONDUCTION DISSIPATION | | | | | 
(Pc DUTY FACTOR = 50%) 
OJ¢ = 0.5°C/W 


Fuax ;s MAX OPERATING FREQUENCY (kHz) 


1 
10 100 
Ix , CATHODE CURRENT (A) 


FIGURES. OPERATING FREQUENCY vs CATHODE CURRENT 


(TYPICAL) 

Ty = +1 50°C, Voa = 18V 
er To oot cnr 
= 700 TCP 
eed AE 
Rood A 
Seed ETT 
ee TON 
aed II iil 
riod A 
peed 
5 Hil al 
S475 wl 

-450 
-425 
0.1 1.0 10.0 100.0 1000.0 10000.0 
dv/dt (V/uS) 


FIGURE 11. BLOCKING VOLTAGE vs dv/dt 


Ty = +150°C, Vea = 18V, L = 200:H 


zi = 
E io ee eee a 
it 449. — NC 


100 
ieee Deal A a I 


LS DT CO HNN OE HG 


60 TURN-OFF 
50 SAFE OPERATING AREA 


ROR CAnnaae 
BDO AGRRR REE 
ALI 
UE EE 


-150 
Vxa » PEAK TURN OFF VOLTAGE (V) 


-250 350 -450 550 


FIGURE 10. TURN-OFF CAPABILITY vs ANODE-CATHODE 
VOLTAGE 


SPIKE VOLTAGE (V) 


1 6 1 1146 2 2 31 #36 «+41 «46 
di/dt (Aus) 


FIGURE 12. SPIKE VOLTAGE vs di/dt (TYPICAL) 


Operating Frequency Information 


Operating frequency information for a_ typical device 
(Figure 9) is presented as a guide for estimating device per- 
formance for a specific application. Other typical frequency 
vs cathode current (lax) plots are possible using the informa- 
tion shown for a typical unit in Figures 3 to 8. The operating 
frequency plot (Figure 9) of a typical device shows fax; Or 
fuaxe2 Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fax iS defined by fyax1 = 9.05 / (tprony + tocorryi)- torony! + 
tp(orr)| deadtime (the denominator) has been arbitrarily held to 
10% of the on-state time for a 50% duty factor. Other definitions 
are possible. to(ony is defined as the 10% point of the leading 
edge of the input pulse and the point where the cathode current 
rises to 10% of its maximum value. tp(oFFy is defined as the 90% 
point of the trailing edge of the input pulse and the point where 
the cathode current falls to 90% of its maximum value. Device 
delay can establish an additional frequency limiting condition for 


an application other than Tymax- toiorry) is important when 
controlling output ripple under a lightly loaded condition. 


fuaxe is defined by fuaxo = (Pp - Po) / (Eon + Err). The 
allowable dissipation (Pp) is defined by Pp = (Tyyax - Te) / 
Rec. The sum of device switching and conduction losses 
must not exceed Pp. A 50% duty factor was used (Figure 10) 
and the conduction losses (Pc) are approximated by Pc = 
(Vak ® lax) / (duty factor/100). Eon is defined as the sum of 
the instantaneous power loss starting at the leading edge of 
the input pulse and ending at the point where the anode- 
cathode voltage equals saturation voltage (Vax = Vr). Eorr 
is defined as the sum of the instantaneous power loss start- 
ing at the trailing edge of the input pulse and ending at the 
point where the cathode current equals zero (Iq = 0). 


The switching power loss (Figure 10) is defined as fuaxo * (Eon 
+ Eorr). Because Turn-on switching losses can be greatly influ- 
enced by external circuit conditions and components, fyax 
curves are plotted both including and neglecting turn-on losses. 
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MCTV75P60E1, MCTA75P60E1 


Test Circuits 


RURG8060 


FIGURE 13. SWITCHING TEST CIRCUIT 


MAXIMUM RISE AND FALL TIME OF Vg IS 200ns 


eae aw 
-VKA 
IK | 
I 0% a 
. tp(OFF)I ; tri 
tr 
tp(on)! 


FIGURE 15. SWITCHING TEST WAVEFORMS 


Handling Precautions for MCT's 


Mos Controlled Thyristors are susceptible to gate-insula- 
tion damage by the electrostatic discharge of energy through 
the devices. When handling these devices, care should be 
exercised to assure that the static charge built in the han- 
dler's body capacitance is not discharged through the 
device. MCT's can be handled safely if the following basic 
precautions are taken: 


1.Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs or by the insertion into conductive material such 
as “ECCOSORB LD26” or equivalent. 


2.When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means - for example, with a metallic wristband. 


3. Tips of soldering irons should be grounded. 


5000 Va 49V , 
| 
: a 
= 20v 4.7kQ 
+ 
$ Ik 


FIGURE 14. Vspxe TEST CIRCUIT 


a: on 


Ve 
d/dy 


Ik 
— VspiKe 


VaK 


FIGURE 16. Vspixe TEST WAVEFORMS 


4. Devices should never be inserted into or removed from cir- 
cuits with power on. 


5.Gate Voltage Rating - Never exceed the gate-voltage 
rating of Ve,. Exceeding the rated Vo, can result in 
permanent damage to the oxide layer in the gate region. 


6. Gate Termination - The gates of these devices are essen- 
tially capacitors. Circuits that leave the gate open-circuited 
or floating should be avoided. These conditions can result 
in turn-on of the device due to voltage buildup on the input 
capacitor due to leakage currents or pickup. 


7.Gate Protection - These devices do not have an internal 
monolithic zener diode from gate to emitter. If gate protec- 
tion is required an external zener is recommended. 


* Trademark Emerson and Cumming, Inc. 
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SELECTION GUIDE 2.2; ccscet cnet eronee ee ere sgetnaoubaa cur eceees saa la ae teva knee e 
INSULATED GATE BIPOLAR TRANSISTORS (IGBTs) DATA SHEETS 


HGTD6N40E1, E1S, 
HGTD6N50E1, E1S 


HGTD10N40F 1, F1S, 
HGTD10NS50F1, FiS 


HGTH12N40C1, 
40E1, 50C1, 50E1, 
HGTM12N40C1, 
40E1, 50C1, 50E1, 
HGTP10N40C1, 
40E1, 50C1, 50E1 


HGTM12N60D1 
HGTP12N60D1 


HGTH20N40C1, 
40E1, 50C1, 50E1, 
HGTM20N40C1, 
40E1, 50C 1, 50E1, 
HGTP15N40C1, 
40E1, 50C1, 50E1 


HGTG20N100D2 
HGTG20N120E2 
HGTG24N60D1 
HGTM24N60D1 
HGTG30N120D2 
HGTA32N60E2 
HGTGS32N60E2 


6A, 400V and 500V N-Channel IGBTs...... 


10A, 400V and 500V N-Channel IGBTs..... 


10A, 12A, 400V and 500V N-Channel IGBTs 


12A, 600V N-Channel !IGBT.............. 
12A, 600V N-Channel IGBT.............. 


15A, 20A, 400V and 500V N-Channel IGBTs 


20A, 1000V N-Channel IGBT............. 
34A, 1200V N-Channel IGBT............. 
24A, 600V N-Channel IGBT.............. 
24A, 6OOV N-Channel IGBT.............. 
30A, 1200V N-Channel IGBT............. 
32A, 600V N-Channel IGBT.............. 
32A, 600V N-Channel IGBT.............. 


eoeesee sees eeeeee se es ee ew ee Be we ew ew ee 


eves eeseeeeeenseeseaee ee nee ees eee eeaee 


Cr  ) 


| 


3-20 
3-24 
3-28 


3-33 
3-38 
3-43 
3-47 
3-51 
3-56 
3-60 


“” 
- 
a 
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Insulated Gate Bipolar Transistors (IGBTS) (continue) 


. | PAGE 
HGTG34N100E2 — B4A, 1000V N-Channel IGBT........ 0... 0c cece cece een eee e eee weairesaiee 3-64. 
2N6975, 2N6976, 5A, 400V and 500V N-Channel IGBTs. ............ 0... cee ce eee eee a ae 3-69 
2N6977, 2N6978 
HGTB12N60D1C — 12A, 600V Current Sensing N-Channel IGBT ...... 0... cee cee eens 3-73 
HGTP14N40F3VL 14A, 400V N-Channel, Voltage Clamping IGBT.............0...s00ee eee ge. S77 
HGTP6N40E1D, 6A, 400V and 500V N-Channel IGBTs with Anti-Parallel Ultrafast Diodes.......... 3-82 
HGTP6N50E1D 
HGTP10N40C1D, E1D,  10A, 400V and 500V N-Channel IGBTs with Anti-Parallel Ultrafast Diodes......... 3-87 
HGTP10N50C1D, E1D 
HGTP10N40F 1D, 10A, 400V and 500V N-Channel IGBTs with Anti-Parallel Ultrafast Diodes......... 3-92 
HGTP10N50F1D 
HGTH12N40C1D, E1D,  12A, 400V and 500V N-Channel IGBTs with Anti-Parallel Ultrafast Diodes......... 3-97 
HGTH12N50C1D, E1D 
HGTG12N60D1D 12A, 600V N-Channel IGBT with Anti-Parallel Ultrafast Diode................... 3-102 
HGTG20N50C1D 20A, 500V N-Channel IGBT with Anti-Parallel Ultrafast Diode................... 3-106 
HGTH20N40C1D, E1D, 20A, 400V and 500V N-Channel IGBTs with Anti-Parallel Ultrafast Diodes......... 3-111 
HGTH20N50C1D, E1D | 
HGTG24N60D1D 24A, 600V N-Channel IGBT with Anti-Parallel Ultrafast Diode................... 3-116 
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HARRIS IGBT PRODUCT LINE 


MAXIMUM RATINGS — 


(y 


\ 


TO-204AA 


el eee 
‘e 


elf =l =f] 5] =f] | =f] els 
or 
2 
8 
: 


er 
—— 
7.5 Pte | ss HG TDeN40E1 | HGTDSN40E1S 
Pena teal Reet HGTDION40F1 | HGTD10N40F1S 
17.5 10 | |: HGTP10N40E Co 
es sz —— 
fe ee a ee! 
ee Eas 


HGTH20N40C1 


HGTD6N50E1 


HGTD6N50E1S 
HGTD10N50F 1S 


HGTH12N50E1 

| HGTH12N50C1 
HGTH20N50E1 
HGTH20N50C1 | 


—_ De No 
ole [o) No 


oS aS 
Ni N ™N co 
on wo a 


' 
8 
— 
” 


apIny uoNs2jeg 


v-€ 


HARRIS IGBT PRODUCT LINE (Continued) 


MAXIMUM RATINGS | 
[sy Z 
BVces Icao low te 
(V) (A) (A) (us) TO-204AA TO-220AB 


| | HGTM12N60D1 | HGTP12N60D1 


HGTA32N60E2 


HGTG20N100D2 Po 


__ 

a — 
ae ——a 
ona 


| 30 | 0} ors PO 
SHADING indicates DEVELOPMENTAL PRODUCTS 
NOTES: 
1. logo = Maximum continuous current rating at Tc = +90°C. 
2. Io = Maximum pulsed current rating. 
3. te measured at To = +150°C. 
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HARRIS IGBT'S WITH AN INTEGRAL REVERSE DIODE 


MAXIMUM RATINGS 


TO-220AB 
HGTP6N40E1D 
HGTP10N40F1D 


TO-218AC 


HGTP10N40E1D 
HGTP10N40C1D 


HGTH12N40E1D 
HGTH12N40C1D 


HGTH20N40E1D 
HGTH20N40C1D 


HGTP6N50E1D 


aaa 
ae 
Re eee 
Phas 
ee 
HGTP10NS50F1D Be. ee ee 
HGTP10N50E1D Dt ee 
HGTP10N50C1D Eo el 
HGTH12N50E 1D oe oe, eed 
HGTH12N50C1D De ll 
HGTH20N50E1D 
HGTH20N50C1D 


HGTG20N50C01D 
HGTG12N60D1D 
HGTG24N60D1D 


HARRIS IGBT'S WITH INTEGRAL CURRENT SENSING 


MAXIMUM RATINGS 


BV ces Ic90 | te 
| (Vv) (A) (us) TS-001AA (5 LEAD TO-220 ) 


NOTES: 
1. logo = maximum continuous current rating at To = +90°C. 
2. low = maximum pulsed current rating. 
3. te measured at To = +150°C. 
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IGBTs 


HGTD6N40E1, HGTD6N40E1S 
HGTD6N50E1, HGTD6N50E1S 


FARRIS 


SEMICONDUCTOR 


tt 


December 1993 6A, 400V and 500V N-Channel IGBTs 
Features Packages 
HGTD6N40E1, HGTD6N50E1 
e 6 Amp, 400 and 500 Volt JEDEC TO-251AA 
. VcE(ON) 2.5V Max. TOP VIEW 
iat COLLECTOR oe eee 
e Low On-State Voltage (FLANGE) sal | ——————=> _ COLLECTOR 
e Fast Switching Speeds ————————"—> GATE 
¢ High Input Impedance 
. . HGTD6N40E1S, HGTD6N50E1S 
Applications JEDEC TO-252AA 
¢ Power Supplies TOP VIEW 
¢ Motor Drives 
COLLECTOR 
¢ Protective Circuits (FLANGE) 
wv) 
— ke 
Description he 
The HGTD6N40E1, HGTD6N40E1S, HGTD6N50E1, and : : 7 
HGTD6N50E1S are n-channel enhancement-mode | 7erminal Diagram 
insulated gate bipolar transistors (IGBTs) designed for high N-CHANNEL ENHANCEMENT MODE 
voltage, low on-dissipation applications such as switching “ 
regulators and motor drivers. These types can be operated 
directly from low power integrated circuits. 
The HGTD6N40E1 and the HGTD6N50E1 are supplied in 
the JEDEC TO-251AA plastic package. The HGTD6N40E1S ? 
and the HGTD6N50E1S are supplied in the JEDEC TO- 
252AA surface-mount plastic package. : 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
HGTD6N40E1 HGTD6N50E1 
HGTD6N40E1S HGTDG6N50E1S UNITS 
Collector-Emitter Voltage .. 2.2... cece eee eee eee eee eee eens Vces 400 500 V 
Collector-Gate Voltage Reg = 1MQ... eee ce ee eee eens Voer 400 500 V 
Gate-Emilier VONAGS 2:05 saves ican eGee pid odd weds WE Need can ee anne es Voce +20 +20 V 
Collector Current Continuous at To = +25°C 2... cece ce eee eee eeee loos 7.5 7.5 A 
Bt Tea 400°C ci ccs uanese ieee oak one eee loso 6.0 6.0 A 
Power Dissipation Total at To = +25°C 2... eee ccc cee eee eee eens Pp 60 60 W 
Power Dissipation Derating To > +25°C. 2. kee cece cece rece rece eens 0.48 0.48 Ww/C 
Operating and Storage Junction Temperature Range .............00e eens Ty Tstg -55 to +150 -55 to +150 °C 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
Copyright © Harris Corporation 1993 3-7 


FileNumber 2413.2 


Specifications HGTD6N40E1, HGTD6N40E1S, HGTD6N50E1, HGTD6N50E1S 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL 


TEST CONDITIONS 


LIMITS 


HGTD6N40E1 HGTD6N50E1 
HGTD6N40E1S | HGTD6NS50E1S 


UNITS 


Collector-Emitter Breakdown | BVces | Io = 250A, Vge = OV 
| Voltage 


Gate Threshold Voltage | Vee Voc = Vee: Ie = 1MA 


Zero Gate Voltage Collector lees | Ty = +150°C, Voge = 400V 
Gate-Emitter Leakage Current | lees | Vee = t20V, Veg = OV 
Collector-Emitter On-Voltage Vegion) | Ty = +150°C, Io = 3A, Vge=10V | 


in 19g Vas 150 
80 k= 8A Vea 157 | 
[Gate-Emitter Plateau Voltage | Veer _| lo = 3A, Voe = 10V , 6.5 (typ) 


aS 
on 


nN e 
pb 


eT eR P EPP] i 


4.5 


tp 


Turn-On Delay Time Resistive Load, Io = 3A, 90 (typ) 
: Ty = +150°C, Vog = 10V, yp 
Turn-Off Delay Time | toorr) | Rg = 250 24 (typ) 
Fall Time 1100 (typ) 
Turn-Off Energy Loss Per Cycle Worr 0.29 (typ) 


| (Off Switching Dissipation = 
Worr X Frequency) 


Turn-Off Delay Time Inductive Load (See Figure 11), 

' lc = 3A, VcE(CLP) = 400V, Ry, = 133Q, 
pare L = 50yH, Ty = +150°C, Vgg = 10V, 
Turn-Off Energy Loss Per Cycle Worr Rg = 25 | 0.43 
(Off Switching Dissipation = 
Worr X Frequency) 


Thermal Resistance Junction-to- Resc 
Case (IGBT) 


PULSE DURATION = 250us 


PULSE TEST, Veg = 10V 
DUTY CYCLE < 0.5%, To = +25°C 
i 


| PULSE DURATION = 2501s 


Ice, COLLECTOR-EMITTER CURRENT (A) 
Ice, COLLECTOR-EMITTER CURRENT (A) 


0 2 4 6 8 10 
Vge, GATE-TO-EMITTER VOLTAGE (V) Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 1. TYPICAL TRANSFER CHARACTERISTICS FIGURE 2. TYPICAL SATURATION CHARACTERISTICS 


HGTD6N40E1, HGTD6N40E1S, HGTD6N50E1, HGTD6N50E1S 


Typical Performance Curves (Continued) 


= 4 | < 
ui ot 
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' fe) 
: 2 =, , © 
Ww 
E yeaa —- : 
_———— 8 
5 8 
2 8 
: 1 10 +25 +50 +75 +100 +125 +150 
Ice, COLLECTOR-EMITTER CURRENT (A) Tc, CASE TEMPERATURE (°C) 
FIGURE3. SATURATION VOLTAGE vs COLLECTOR-EMITTER FIGURE 4. DC COLLECTOR CURRENT vs CASE 
CURRENT (TYPICAL) TEMPERATURE 
Ty +150°C, Voge = 15V, Rg = 500, m= 
@ Vce = 400V, L = 50H oF 
% . 
ef i 
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S e 
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0 5 10 15 20 25 
Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 5. CAPACITANCE vs COLLECTOR-TO-EMITTER FIGURE 6. TURN-OFF DELAY vs COLLECTOR-TO-EMITTER 
VOLTAGE (TYPICAL) CURRENT (TYPICAL) 
Ty +150°C, Vge = 10V - 
Rg = 250, L = 50pH Q 
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us © 
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? rd 
z u 
rT L 
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ia 
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1 10 
ice, COLLECTOR-EMITTER CURRENT (A) Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 7. FALL TIME vs COLLECTOR-TO-EMITTERCURRENT FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
(TYPICAL) EMITTER CURRENT (TYPICAL) 
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HGTD6N40E1, HGTD6N40E1S, HGTD6N50E1, HGTD6N50E1S 


Typical Performance Curves (Continued) 


Ty = 4150°C, To = +100°C, Vege = 10V 
Rg = 25Q, PT = 60W, L = 50pH 
Bian 


1000 


fax = (Pp - PcVWorr 
Pp = ALLOWABLE DISSIPATION 


fop, MAXIMUM OPERATING FREQUENCY (KHz) 
Voce, COLLECTOR-EMITTER VOLTAGE (V) 


Pc = CONDUCTION DISSIPATION 
1 = RE IG(RE 
: 10 20 = TIME (us) aaa ai 
Ice, COLLECTOR-EMITTER CURRENT (A) ae) GACT) 
FIGURE9. MAXIMUM OPERATING FREQUENCY vs COLLECTOR FIGURE 10. NORMALIZED SWITCHING WAVEFORMS AT 
CURRENT AND VOLTAGE (TYPICAL) CONSTANT GATE CURRENT 


Test Circuit 


ABBBVswewssssey 


FIGURE 11. INDUCTIVE SWITCHING TEST CIRCUIT 
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Vae, GATE-EMITTER VOLTAGE (V) 


HGTD10N40F1, HGTD1ON40F1S 
HGTD10N50F1, HGTD1ION50F1S 


FARRIS 


SEMICONDUCTOR 
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December 1993 10A, 400V and 500V N-Channel IGBTs 
Features Packages 
¢ 10 Amp, 400 and 500 Volt HGTD10N40F1, HGTD10N50F1 
JEDEC TO-251AA 
° VcE(ON) 2.5V Max. TOP VIEW 


° Traut 1.4us 
L On-S Volt COLLECTOR SMeyren 
e Low On-State Voltage (FLANGE) ————————>_—~«XCOLLECTOR 
e Fast Switching Speeds ———_——= GATE 
¢ High Input Impedance 
. : HGTD10N40F1S, HGTD10N50F1S 
Applications JEDEC TO-252AA 
TOP VIEW 
e Power Supplies 
EMITTER 
¢ Motor Drives COLLECTOR _. 
(FLANGE) 
¢ Protective Circuits GATE 
2 
Description : ; oD 
P Terminal Diagram O 


The HGTD1ON40F1, HGTD10N40F1S, HGTD10N50F1, 
and HGTDION50F1S are n-channel enhancement-mode 
insulated gate bipolar transistors (IGBTs) designed for high 
voltage, low on-dissipation applications such as switching 
regulators and motor drivers. These types can be operated 
directly from low power integrated circuits. 


The HGTD10N40F1 and the HGTD10ON50F1 are supplied in 
the JEDEC TO-251AA plastic package. The HGTD10N40F1S 
and the HGTD10ON50F1S are supplied in the JEDEC TO- 
252AA surface-mount plastic package. 


N-CHANNEL ENHANCEMENT MODE 


Cc 
| 
E 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 


HGTD10N40F1 HGTD10N50F1 
HGTD10N40F1S HGTDION50F1S UNITS 

Collector-Emittet VONAG6 «6.53 oie ie tact so eeteeeelS tts weet eek eSeawan Vces 400 500 V 
Collector-Gate Voltage Reg = 1MQ 2... cece ccc cece ce eet e eens Vear 400 500 V 
Gate-Emiller VONAG6 66d ies Gi hate eee ca F Ras Geet heen ee ewes Voce +20 +20 V 
Collector Current Continuous at To = +25°C oo... eee cc cece cence eens loos 12 12 A 

BLT e S490 C succigi tore bess aceon es logo 10 10 A 
Power Dissipation Total at To = +25°C 2... cece ccc eee eee eee eens Pp 75 75 Ww 
Power Dissipation Derating Tg > +25°C. 2. ccc eee e eee e ee enees 0.6 0.6 W/C 
Operating and Storage Junction Temperature Range ................5000- Ty Tstg 55 to +150 -55 to +150 °C 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


Copyright © Harris Corporation 1993 
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File Number 2425.2 


Specifications HGTD10N40F1, HGTD10N40F1S, HGTD10N50F1, HGTD1ONS50F1S 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


rs 7 


HGTD10N40F1 HGTD10N50F1 
HGTDION40F1S | HGTDION50F1S 


PARAMETERS SYMBOL TEST CONDITIONS 


Collector-Emitter Breakdown | BVces_| Io = 250H1A, Voge = OV 
Voltage 


Zero Gate Voltage Collector Ices 
econ ee | eres — 
Gate-Emitter Leakage Current | Iges | Vae=420V,Vce=0V 
| Collector-Emitter On-Voltage VcE(ON) 


: UNITS 
V 
45 4.5 


oh 


| nA 


Ty = +150°C, Io = 5A, Vag = 15V 
Ty = +25°C, Io = 5A Vor = 10V 


| Ty = +25°C, Io = 5A, Voge = 15V 


Gate-Emitter Plateau Voltage Ic = 5A, Veg = 10V 5.3 (typ) 
On-State Gate Charge Io = 5A, Voge = 10V 13.4 (typ) 


! Vog = 400V, R, = 802, 
Rise Time | td 70 4 150°C, Vie = 10V, 


Lele) elelsle lel dP 


Resistive Load, Io = 5A, 45 (typ) 
35 (typ) 
n= 250 “50 (90) 
Fall Time 1400 (typ) 
Turn-Off Energy Loss Per Cycle Worr 0.64 (typ) 


(Off Switching Dissipation 
= Woer X Frequency) 


Turn-Off Delay Time | toiore) _| 
Fall Time | ty | 


Turn-Off Energy Loss Per Cycle — Wore 
(Off Switching Dissipation 
= Worr X Frequency) 


Thermal ResistanceJunction-to- I Rec 
Case (IGBT) 


oe) 
“J 


Inductive Load (See Figure 11), 
lo = 5A, VcE(CLP) = 400V, Ri = 80Q, 
L = 50H, T; = +150°C, Veg = 10V, 
Re = 25Q 


5 


io) 
N“N 
oO 


al 
s* 1 NM 


1.67 1.67 


Typical Performance Curves 


= 12 10 
< PULSE TEST, Vog = 10V | ge e6.0v 
Zao |. PULSE DURATION = 2508 = : , 
DOTY GUESS 2 - 8 ~|__ PULSE DURATION = 250u8 
2 : - : DUTY CYCLE < 0.5% | 
et 5 —— 
E a Ve = 5.5V 
we 6 To = +25°C E ' 
c Vog = 5.0V 
2 (-) = 4 
w «(4 ax 
wd Oo 
3 oO . 
S 2 
3 

0 wo 

nai 2 4 6 8 10 
Vgg, GATE-TO-EMITTER VOLTAGE (V) Voge, GATE-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TYPICAL TRANSFER CHARACTERISTICS FIGURE 2. TYPICAL SATURATION CHARACTERISTICS 
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HGTD10N40F1, HGTD10N40F1S, HGTD10N50F1, HGTD1ON50F1S 


Typical Performance Curves (Continued) 


4 


Ty = +1 50°C 


Vce(ony SATURATION VOLTAGE (V) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE3. SATURATION VOLTAGE vsCOLLECTOR-EMITTER 
CURRENT (TYPICAL) 


1000 


8 


600 


C, CAPACITANCE (pF) 
p- 
s 


200 


Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 5. CAPACITANCE vs COLLECTOR-TO-EMITTER 
VOLTAGE (TYPICAL) 


Ty = +1 50°C, VoE =10V 


Re = 250, L = 50nH 
1 = ST 
| Voge = 400V 
0 
1 10 100 


Ice, COLLECTOR-EMITTER CURRENT (A) 


te), FALL TIME (11s) 


FIGURE 7. FALL TIME vs COLLECTOR-TO-EMITTER CURRENT 
(TYPICAL) 
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Ice, DC COLLECTOR CURRENT (A) 


+100 +125 
Tc, CASE TEMPERATURE (°C) 


FIGURE 4. DC COLLECTOR CURRENT vs CASE 
TEMPERATURE 


” 
wa 
© 
2 


Vee = 15V, Rg = 50Q 
Voge = 10V, Rg = 500 
Vee = 15V, Rg = 252 
Voe = 10V, Rg = 252 


tr(oFF) TURN-OFF DELAY (1s) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 6. TURN-OFF DELAY vs COLLECTOR-TO-EMITTER 
CURRENT (TYPICAL) 


Ty = +1 50°C, Voe =10V 
Rg = 250, L = 50yH 


Worr, TURN-OFF SWITCHING LOSS (mJ) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
EMITTER CURRENT (TYPICAL) 


HGTD10N40F1, HGTD10N40F1S, HGTD10N50F1, HGTD10N50F1S 


Typical Performance Curves (Continued) 


NOTE: . 
Pp = ALLOWABLE DISSIPATION Pc = CONDUCTION DISSIPATION 


14000 


10 
R, = 1002 zB 
la@(REF) = 0.33mMA 


Vee = 10V 


Ty = +150° C, Te = +1 00°C, VoE = 10V 


S 
<M a 
> = = = Lu 
> | Ra = 250, PT = 75W, L = 50uH =. g 2 
< ae ee ee ee ee ee ee 5 g 
g = 5 
fF me > taxa = 0.052 DoF FY i 9 
9 fwax2 = (Pp - Pc/Worr E 5 & 
= a E 
< : = 
a 3 iy 
WW Na 
e 40 a E 
= —i G 
2 3 0.25BVces 0.25 BVces a 
= ° A\\\ COLLECTOR-EMITTER VOLTAGE 2 
2 W A 
= > ° 1 1 ° 

.. RE G(RE 
5! 20 ce 2 TIME (us) 807 = 
Ice, COLLECTOR-EMITTER CURRENT (A) ACT then 
FIGURE9. MAXIMUM OPERATINGFREQUENCYvVsCOLLECTOR FIGURE 10. NORMALIZED SWITCHING WAVEFORMS AT 
CURRENT AND VOLTAGE (TYPICAL) CONSTANT GATE CURRENT 
Test Circuit 
Re 


1/Rg = Reen + Roe 


Ree = 500 


FIGURE 11. INDUCTIVE SWITCHING TEST CIRCUIT 
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HGTH12N40C1, 40E1, 50C1, 50E7 
HGTM12N40C1, 40E1, 50C1, 50E1 
HGTP10N40C1, 40E1, 50C1, 50E1 
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December 1993 10A, 12A, 400V and 500V N-Channel IGBTs 
Features Packages 
1 HGTH-TYPES JEDEC TO-218AC 


10A and 12A, 400V and 500V 
Tr 1s, 0.58 
Low On-State Voltage 


TOP VIEW 


COLLECTOR BO] Ee 


EMITTER 
COLLECTOR 
GATE 


e Fast Switching Speeds HGTP-TYPES JEDEC TO-220AB 
¢ High Input Impedance TOP VIEW 
e No Anti-Parallel Diode (FLANGE) me) EMITTER 
COLLECTOR 
: 5 sai GATE 
Applications 
HGTM-TYPES JEDEC TO-204AA 
e Power Supplies TOP VIEW 
¢ Motor Drives EMITTER = 
e Protection Circuits 2 
m 
Description GATE 2 
The HGTH12N40C1, HGTH12N40E1, HGTH12N50C1, HGTH12N50E1 
9 ’ ’ ’ | Di lg 
HGTM12N40C1, HGTM12N40E1, HGTM12N50C1, HGTM12N50E1, Terminal Diagram inal jagram 


HGTP10N40C1, HGTP10N40E1, HGTP10N50C1 and HGTP10N50E1 
are n-channel enhancement-mode insulated gate bipolar transistors 
(IGBTs) designed for high-voltage, low on-dissipation applications such as 
switching regulators and motor drivers. These types can be operated 
directly from low-power integrated circuits. 


The HGTH-types are supplied in the JEDEC TO-218AC plastic pack- 
age and the HGTP-types in the JEDEC TO-220AB plastic package. 
The HGTM-types are supplied in the JEDEC TO-204AA steel package. 


N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 


HGTH12N40C1 HGTH12N50C1 
HGTM12N40C1 HGTM12N50C1 
HGTH12N40E1 HGTH12N50E1 HGTP1ON40C1 HGTP1ION50C1 
HGTM12N40E1 HGTM12N50E1 HGTP10N40E1 HGTP1ON50E1 UNITS 
Collector-Emitter Voltage... ...... cece eee eee eee Voces 400 500 400 500 V 
Collector-Gate Voltage Reg = 1MQ............006- Voer 400 500 400 500 V 
Reverse Collector-Emitter Voltage ............ Vecs(rev.) 15 15 -§ -§ Vv 
5 
Gate-Emitter Voltage... cece eee eee ee eee Voe +20 +20 +20 +20 V 
Collector Current Continuous ........... 0. cee eee eee lo 12 12 10 10 A 
Collector Current Pulsed ........ 0... cece eee nee lom 17.5 17.5 17.5 17.5 A 
Power Dissipation at Tg = +25°C 0.0... . cece ee eee Pp 75 75 60 60 Ww 
Power Dissipation Derating Above Tc > +25°C............ 0.6 0.6 0.48 0.48 WwPC 
Operating and Storage Junction Temperature Range...Tj,Tstqg -55 to +150 -55 to +150 -§5 to +150 -55 to +150 °C 
HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 
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HGTH12N40C1, 40E1, 50C1, 50E1, HGTM12N40C1, 40E1, 50C1, 50E1, HGTP10N40C1, 40E1, 50C1, 50E1 


| Electrical Specifications T. = +25°C, Unless Otherwise Specified 


SYMBOL 


BVces 


HGTH12N40C1, E1, 
HGTM12N40C1, E1 
HGTP10N40C1, E1 


HGTH12N50C1, E1, 
HGTM12N50C1, E1, 
HGTP10N50C1, E1 


Ka 
3 (typ) 


PARAMETERS UNITS 


V 
V 


Collector-Emitter Breakdown 


le = 1mA, Voce =0 
Voltage | 
Gate Threshold Voltage VGe(TH) Voce = Vee, Ie = IMA 


Zero Gate Voltage Collector Voge = 400V, To = +25°C 
Vee = 500V, Te = +25°C 


3 (typ) 


a 
1000; | 
Le 
| 28 | 
| 82 | 


= 
= 


Current 
Voce = 400V, Teo = +125°C 
Voce = 500V, To = +125°C 
Voge = t20V, Vog = 0 


VcE(oN) lc = 10A, Vee = 10V 


Io = 17.5A, Veg = 20V 
Qajon) | !e=5A,Vce=10V 


lo = 10A, VcE(CLP) = 300V, 
L = 50n1H, Ty = +100°C, 
Veg = 10V, Rg = 50Q 


100 


PPP el « 


Gate-Emitter Leakage Current 


Collector-Emitter on Voltage V 
V 
6 (typ) V 


19 (typ) nc 


> 
© oO 


Turn-On Delay Time 
[RisoTme Lt 
Turn-Off Delay Time | toorey 


ta 
Fall Time te | 
680 (typ) 
BJC 


400 


40E1, 50E1 680 (typ) 


4001, 5001 


L = 50H, Ty = +100°C, 

Veg = 10V, Re = 502 | 
680 (typ) 
400 (typ) 


romeo «| | 


Turn-Off Energy Loss per Cycle 
(Off Switching Dissipation = 
Wore X Frequency) 


40E1, 50E1 
40C1, 50C1 


ele dele bel lel l-) lf 


Thermal Resistance 
| Junction-to-Case 


N 
S 
= 
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HGTH12N40C1, 40E1, 50C1, 50E1, HGTM12N40C1, 40E1, 50C1, 50E1, HGTP10N40C1, 40E1, 50C1, 50E1 


Typical Performance Curves 


20.0 
Voge = 10V, Roen = Rog = 1002 ek 
e | TTLIMNMELEL, 
z 15.0 a | 
eT tT tT tT tT TL NEL 
bom ] . 
% 12.5 | 
ec 
re) aN 
5 10.0 
Ww 
3 75 
oO . 
rs) 
8 5.0 
2.5 | 
0.0 
-75 -50 425 +50 +75 +100 4125 4150 4175 


pa Reet TEMPERATURE (°C) 


FIGURE 1. MAX. SWITCHING CURRENT LEVEL. Rg = 500, 
Voge = OV ARE THE MIN. ALLOWABLE VALUES 


NORMALIZED GATE THRESHOLD VOLTAGE 


+150 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 3. TYPICAL NORMALIZED GATE THRESHOLD VOLT- 
AGE vs JUNCTION TEMPERATURE 


-50 0 +50 +100 


17.5 


PULSE TEST, Vcr = 10V 
PULSE DURATION = 80s 


15.0] DUTY CYCLE = 0.5% MAX. ea 


fl 


Ice, ON-STATE COLLECTOR CURRENT (A) 


7 Uy 
LZ) | 


0 2.5 5.0 — 7.5 10.0 
Vee, GATE-TO-EMITTER VOLTAGE (V) 


FIGURE 5. TYPICAL TRANSFER CHARACTERISTICS 


RATED POWER DISSIPATION (%) 


0 +25 +50 +75 +100 = +125 
Tc, CASE TEMPERATURE (°C) 


FIGURE 2. POWER DISSIPATION vs TEMPERATURE DERATING 
CURVE 


+150 


Zesc(t) = r(t)Resc, 
D CURVES APPLY FOR POWER PULSE, HH 
TRAIN SHOWN READ TIME AT tt, 


T.APEAK) ” To= PpeaxyZesctt) (t) 


2] 
te 
fea 
© 


ae = 
Tn 


aan a 
Mm eweat 
ial a i 
INGLE PULSE 
0.011 Sie aii cai 


r(t), EFFECTIVE TRANSIENT THERMAL 
IMPEDANCE (NORMALIZED) 


0.01 10 100 1000 
- TIME (ms) 
FIGURE 4. NORMALIZED THERMAL RESPONSE CHARAC- 
TERISTICS 
_Tc = +25°C 


ice, COLLECTOR CURRENT (A) 


0 2 3 4 5 
Voce, ieaceceeaoeuaaee VOLTAGE (V) 


FIGURE 6. TYPICAL SATURATION CHARACTERISTICS 
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HGTH12N40C1, 40E1, 50C1, 50E1, HGTM12N40C1, 40E1, 50C1, 50E1, HGTP10N40C1, 40E1, 50C1, 50E1 


Typical Performance Curves (Continued) 


PULSE TEST, Vog = 10V 
PULSE DURATION = 808 


Ice, COLLECTOR CURRENT (A) 


Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE7. TYPICAL COLLECTOR-TO-EMITTER ON-VOLTAGE 


vs COLLECTOR CURRENT 


Io = 10A, Vee = 10V 
| tee t0a. Vass tov 
ic = 5A, Veg = 10V 


+50 +75 +100 +125 
Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 9. TYPICAL VcE(oN) vs TEMPERATURE 


VcE(ON) COLLECTOR-EMITTER ON VOLTAGE (V) 


1.50 
+25 


a 
Wisi: Cael ee 


PE or Vout 
P feve | ref TTT 

ee ee ae St 
le eS 


FIGURE 11. TYPICAL INDUCTIVE SWITCHING WAVEFORMS 
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vette tT Ty 
bE tt ttt ty 
IN css | 


C, CAPACITANCE (pF) 


Cece heuaeuemeineteemnetiommemmememnememeeseene tiene arene atte lens 


10 20 30 40 


Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 8. CAPACITANCE vs COLLECTOR-TO-EMITTER 
VOLTAGE 


toiorrys SWITCHING TIME (ns) 


+50 +75 +100 +125 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 10. TYPICAL TURN-OFF DELAY TIME 


Io = 5A, Voge = 10V, Voy = 300V 
L = 50H, Rg = 502 


800 


700 


tm, SWITCHING TIME (ns) 


+50 
Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 12. TYPICAL FALL TIME (I, = 5A) 


+75 +100 4125 


HGTH12N40C1, 40E1, 50C1, 50E1, HGTM12N40C1, 40E1, 50C1, 50E1, HGTP10N40C1, 40E1, 50C1, 50E1 


Typical Performance Curves (Continued) 


2 
% 
8 9 
: : 
- va 
© 3 
z ui 
i a uw 
: : 
> z 
” s 
= - 
3 
> 
425 +50 +75 +100 +125 +150 +25 +50 +75 +100 +125 +150 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 13. TYPICAL FALL TIME (Ic = 10A) FIGURE 14. TYPICAL CLAMPED INDUCTIVE TURN-OFF 
SWITCHING LOSS/CYCLE 
S 500 9 
Ww _ ” 
= a e 
= 8s 9 oO 
ro) < ‘e) 
z 375 a = 
E ze 
= 6 w 
; E 
g 250 | z 
o FOR TURN-OFF GATE CURRENTS IN AID 4 Fe 
— | | EXCESS OF 3mA. Vcog TURN-OFF IS G 
9 wal NOT ACCURATELY REPRESENTED # Ml | = 
aan a BY THIS NORMALIZATION. A\\ eee 
oO 
7 ae VOLTAG A 
: A\\ UF 
Iq(RE IG(RE 
rpieslicat TIME (j:s) go 
Iq(act) IG(act) 
FIGURE 15. NORMALIZED SWITCHING WAVEFORMS 
AT CONSTANT GATE CURRENT 
Test Circuit 


R, = 130 


Vcc = 
1/Rg = 1/Rgen + Roe ce 430 


| VcEcLP) = 
300V 


waewnwe 


FIGURE 15. INDUCTIVE SWITCHING TEST CIRCUIT 
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FiARRIS 


SEMICONDUCTOR 


HGTM12N60D1 


12A, 600V N-Channel IGBT 


ao 


December 1993 


Features 


¢ 12 Amp, 600 Volt 

¢ Latch Free Operation 

e Typical Fall Time <500ns 
e High Input Impedance 

¢ Low Conduction Loss 


| Package 


JEDEC TO-204AA 
BOTTOM VIEW 


EMITTER 74 COLLECTOR 


(FLANGE) 


Description 


The IGBT is a MOS gated high voltage switching device combining 
the best features of MOSFETs and bipolar transistors. The device 
has the high input impedance of a MOSFET and the low on-state 
conduction loss of a bipolar transistor. The much lower on-state 
voltage drop varies only moderately between +25°C and +150°C. 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


IGBTs are ideal for many high voltage switching applications oper- 
ating at moderate frequencies where low conduction losses are 
essential, such as: AC and DC motor controls, power supplies and 
drivers for solenoids, relays and contactors. . 


This type is supplied in the JEDEC TO-204AA package. 


G 
E 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
HGTM12N60D1 UNITS 

Collector-Emitler Voltage 3 <esdsnwsnadetsdan sarod owes eek aaweieeetaundaem hen BVces 600 Vv 
Collector-Gate Voltage Ree = 1MQ . 1... ccc cece cece eee e ee eenees BVcar 600 V 
Collector Current Continuous at To = +25°C 0. ccc eect cece e eee e ee enees loos 21 A 

at Vee = 15V at To = 490°C 0c eee cece cee eens logo 12 A 
Collector Current Pulsed (Note 1) 2.0... 0... cc cee cee ee ec e cee eee eee eneeceees lom 48 A 
Gate-Emitter Voitage Continuous. ... . NaNO S ae RR we Risers tata Sawn ae Rares POLE T ET TTT Voces +25 V 
Switching Safe Operating Area at Ty =+150°C . 0... cece ccc cee cee e eens SSOA 30A at 0.8 BVces - 
Power Dissipation Total at To = +25°C .... ccc cece cece cee e eee e cee eteneeeas Pp 75 Ww 
Power Dissipation Derating To > 425°C... ck cece eee cect ence estan eeeaees 0.6 WwPC 
Operating and Storage Junction Temperature Range ................ceeeeeeee Ty, Tste -55 to +150 °C 
Maximum Lead Temperature for Soldering .... 2.0.0... cece cee cee cece eee e eee eeees Tr 260 °C 
NOTE: 


1. Repetitive Rating: Pulse width limited by maximum junction temperature. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 3-20 


File Number 2829.2 


Specifications HGTM12N60D1 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS 


Collector-Emitter Breakdown Voltage Ig = 250pA, Veg = OV 
Collector-Emitter Leakage Voltage lces To = +25°C 
Voce = 0.8 BV ces Tc = +125°C 


VcE(SAT) Io = logo Vee = 15V To = +25°C 
To = +125°C 
Gate-Emitter Threshold Voltage Io = 250pA, Voge = Vee, To= +25°C 


Gate-Emitter Leakage Current Voge = t20V 


LIMITS 


TYP 


UNITS 


Collector-Emitter Saturation Voltage 


i) 


7 


Gate-Emitter Plateau Voltage lo = lego. Vee = 0.5 BVces 


Voe = 15V 


| 
QO 


Ic = logo: 
Vog = 0.5 BVcgs 


On-State Gate Charge 


coeareetne | 
i a 


NOTE: 


1. Turn-off Energy Loss (Wo rr) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Iog = 0A). The HGTM12N60D1 was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 


7 


Q 


alals|-fefsfe|- [> 
mn | 
on 


L = 500UH, Io = Iegq, Rg = 25V, 
VoGE = 15V, Ty = +1 50°C, 
Vce = 0.8 BV ces 


100 


S 
= 


1.67 


o o © 


Typical Performance Curves 


20 
PULSE DURATION = 250ys 
DUTY CYCLE < 0.5% 

Voce = 10V 


PULSE DURATION = 250s 
DUTY CYCLE < 0.5% 


. fi 
vil 


12 


To= +150° if 


Te = +25°C aad 
Te = -40°C 


ice, COLLECTOR-EMITTER CURRENT (A) 
Icog, COLLECTOR-EMITTER CURRENT (A) 


p | | 
| | lft 
-- - 


0 


0 2 4 6 8 10 0 1 2 3 4 5 
Vge, GATE-EMITTER VOLTAGE (V) Voce, COLLECTOR-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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HGTM12N60D1 


Typical Performance Curves (Continued) 


Voge = 480V, Voge = 10V AND 15V 
Ty = +150°C, Ree = 250, L = 500uH 


Ice, DC COLLECTOR CURRENT (A) 
tr}, FALL TIME (ns) 


+25 +50 +75 #100 412504150 
Tc, CASE TEMPERATURE (°C) Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 


= 600 

o = 

hs uw 

: g 
c S 450 Ki 
ul ti $ 
g E 

= pu 
= a E 
5 i 300 i 0.75 BVcgEs 0.75 BVces = 
ao o 0.50 BVces 0.50 BVceEs 7? 
oO a 0.25 BVces 0.25 BVces & 
3) 4 rT 

© 150 ui 

> 

rs} IG(REF) = 0.868mA 

> Vee = 10V 

0 bt | 
locRE 1 
20 pa TIME (ys) 80 ee 
Ice, COLLECTOR-EMITTER VOLTAGE (V) IGact) Ie(acT) 
FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 
VOLTAGE STANT GATE CURRENT. (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 


Ty = +1 50°C, VoE =10V 
Ree = 25, L = 500yH 


MINT ft 
CINTIN 


VcE(ony SATURATION VOLTAGE (V) 
Worp TURN-OFF SWITCHING LOSS (mJ) 


Ice, COLLECTOR-EMITTER CURRENT (A) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE7. SATURATION VOLTAGE vs COLLECTOR-EMITTER FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
CURRENT EMITTER CURRENT 
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HGTM12N60D1 


Typical Performance Curves (continued) 


1000 


Vee = 240V, Vee = 10V 
Vee = 240V, Vee = 15V 


Voce = 480V, Voge = 10V 


Vee = 480V, Vee = 15V 


tp(orFy, TURN-OFF DELAY (ns) 


100 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 9. TURN-OFF DELAY vs F COLLECTOR-EMITTER 
CURRENT 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device 
performance for a _ specific application. Other typical 
frequency vs collector current (Ic¢g) plots are possible using 
the information shown for a typical unit in Figures 7, 8 and 9. 
The operating frequency plot (Figure 10) of a typical device 
shows fax OF fuaxe Whichever is smaller at each point. The 
information is based on measurements of a typical device 
and is bounded by the maximum rated junction temeprature. 


fMaxt is defined by {MAX1 = 0.05/tpoFF)I- to(oFF)I deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are 
possible. tp(orry is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


NOTE: 
Pp = ALLOWABLE DISSIPATION Peo = CONDUCTION DISSIPATION 
100 


aca 

a | a 

, Uh Gee ae 
MAX1 ™ 0.05/tD(OFFN 


“ 
fuaxe = (Pp - Po/Worr — 
40 Pc = DUTY FACTOR = 50% he 


Resc = 1.67°C/W 


Vee = 480V, Vge = 10V AND 15V 
Vee = 240V, Vge = 10V AND 15V 


fop, OPERATING FREQUENCY (kHz) 


Ice, COLLECTOR-EMITTER Pee (A) 
FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
EMITTER CURRENT AND VOLTAGE 


frequency limiting condition for an application other than 
Tymax- toiorry IS important when controlling output ripple 
under a lightly loaded condition. 


fMaxe is defined by fMax2 = (Pp - Pco)/Worre The allowable 
dissipation (Pp) is defined by Pp = (Tymax - Tco)/Rasc- The 
sum of device switching and conduction losses must not 
exceed Pp. A 50% duty factor was used (Figure 10) so that 
the conduction losses (Pc) can be approximated by Pc = (Vcr 
X Icg)/2. Wore is defined as the sum of the instantaneous 
power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero 
(Ice - OA). 


The switching power loss (Figure 10) is defined as fyayx; X 
Worf Turn on switching losses are not included because 
they can be greatly influenced by external circuit conditions 
and components. 
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Features 


¢ 12 Amp, 600 Volt 

e Latch Free Operation 
Typical Fall Time <500ns 
e High Input Impedance 
Low Conduction Loss 


Description 


The IGBT is a MOS gated high voltage switching device 
combining the best features of MOSFETs and bipolar 


HGTP12N60D1 


12A, 600V N-Channel IGBT 


Package 
JEDEC TO-220AB 
TOP VIEW 
COLLECTOR 
(FLANGE) 


ies EMITTER 
————==> COLLECTOR 
Sees __-===> ate 


transistors. The device has the high input impedance of a | 7erminal Diagram 
MOSFET and the low on-state conduction loss of a bipolar N-CHANNEL ENHANCEMENT MODE 
transistor. The much lower on-state voltage drop varies only 
moderately between +25°C and +150°C. Cc 
The IGBTs are ideal for many high voltage switching applica- 
tions operating at frequencies where low conduction losses 
are essential, such as: AC and DC motor controls, power G 
supplies and drivers for solenoids, relays and contactors. 
This type is supplied in the JEDEC TO-220AB style pack- E 
age. 
Absolute Maximum Ratings (Tc. = +25°C), Unless Otherwise Specified 
HGTP12N60D1 UNITS 

Collector-emitter Voltage «ii cs ce ceed ewe eddie eee sees we ce bees eua ee iee BVces 600 V 
Collector-Gate Voltage Rge = 1MQ 1. ccc cc cet cee reece eee eeees BVcor 600 Vv 
Collector Current Continuous at To = +25°C. 2... ccc tee eect eee eeee loos 21 A 

at Veg = 15V at To = 490°C... eee eee eee loo 12 A 
Collector Current Pulsed (Note 1) ....... 0. cc cece ccc cee e te eee ete ence neees lom 48 A 
Gate-Emitter Voltage Continuous. .... 2... cc ccc ccc eee ee ence cece nee Voes +25 V 
Switching Safe Operating Area at T)=+150°C ...... cece cc ee cece SSOA 30A at 0.8 BVces - 
Power Dissipation Total at To = 425°C 2.0... cc ccc cece eect eee eeeeetee Pp 75 Ww 
Power Dissipation Derating To > 425°C... ee eect cece eee eeeenes ee 0.6 wPC 
Operating and Storage Junction Temperature Range ................0.00- Ty, Tste -55 to +150 °C 
Maximum Lead Temperature for Soldering ........... cee cece cece cence noes TL 260 °C 
NOTE: 

1. Repetitive Rating: Pulse width limited by maximum junction temperature. 

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,806 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


Copyright © Harris Corporation 1993 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 
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File Number 2830.2 


Specifications HGTP12N60D1 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


[Gatocoremiter Breakdown Votage | BVoes [len 20nveewov —+| wo | - | - |v 
Collector-Emitter Leakage Voltage 
Voce = 0.8 BV ces 
Collector-Emitter Saturation Voltage VcE(san lo = logo, Vag = 15V 
lead 

Gate-Emitter Threshold Voltage Io = 250A, Vo = Vag, To= +25°C 


Vae = +20V 


le = lego, Veg = 15V 
Voge = 0.5 BV, 
CE CES Vee = 20V 


L = 500nH, Io = logo, Rg = 25, 
Vag = 15V, Ty = +150°C, 
Voce = 0.8 BV ces 


' 
N 


Gate-Emitter Leakage Current 
Gate-Emitter Plateau Voltage 7.2 


On-State Gate Charge 


S 
QO 


| 
° 
ce] 
So 
.?) 


Current Turn-On Delay Time 


Current Rise Time 


Current Turn-Off 


Current Fall Time 


ee lle 


Turn-Off Energy (Note 1) . 


oO? 

° 
Q 
= 


Thermal Resistance IGBT 1 


NOTE: 


1. Turn-off Energy Loss (Worf) is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and 
ending at the point where the collector current equals zero (log = OA). The HGTP12N60D1 was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 


Typical Performance Curves 


PULSE DURATION = 250s 
DUTY CYCLE < 0.5% 


PULSE DURATION = 250s 
DUTY CYCLE < 0.5% 7 


To = +150°C 
Tc = +25°C 


Ice, COLLECTOR-EMITTER CURRENT (A) 
ice, COLLECTOR-EMITTER CURRENT (A) 


0 1 2 3 4 5 
Vge, GATE-EMITTER VOLTAGE (V) Vge, COLLECTOR-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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HGTP12N60D1 


Typical Performance Curves (Continued) 


log, DC COLLECTOR CURRENT (A) 


+25 +50 +75 +100 +125 +150 
Ty, CASE TEMPERATURE (°C) 


FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE 


C, CAPACITANCE (pF) 


0 5 10 15 20 25 
Voce, COLLECTOR-EMITTER VOLTAGE (V) 


FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE 


VcE(on) SATURATION VOLTAGE (V) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE7. SATURATION VOLTAGE vs COLLECTOR-EMITTER 
CURRENT 
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te, FALL TIME (ns) 
an 
3 


Voce, COLLECTOR-EMITTER VOLTAGE (V) 


1200 


Voce = 480V, Voge = 10V AND 15V 
Ty = +150°C, Ree = 250, L = 500nH 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 


600 
= 
- 
= lea = y 3 
- 
TaN | 
300 i . ; E 
u 
< 
S 
150 Ww 
R, = 600 — 
IG(REF) = 0.868mA 
VoeE = 10V 
? “| 
RE G(RE 
20 ner). TIME (1s) 80 Sc(REF) e 
Iacact) Ig(act) 


FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 
STANT GATE CURRENT. (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 


Ty = +150°C, Voge = 10V as 
Ree = 250, L = 500nH 


AINE TT 
CNN TTT 


Worr: TURN-OFF SWITCHING LOSS (mJ) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
EMITTER CURRENT 


HGTP12N60D1 


Typical Performance Curves (Continued) 


1000 


Voge = 240V, Voge = 10V 
Voe = 240V, Vee = 15V 


Vee = 480V, Vee = 10V 


Voce = 480V, Ve = 15V 


tpyorry» TURN-OFF DELAY (ns) 


100 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 9. TURN-OFF DELAY vs COLLECTOR-EMITTER 
CURRENT 


NOTE: 
Pp = ALLOWABLE DISSIPATION Po = CONDUCTION DISSIPATION 
10 


ST Re 250, L = 500 pH 
ee Fe ee a i. 


fuaxt # 0.05ApioFFy 
fuax2 # (Pp - PocWWorr 
Po = DUTY FACTOR = 50% 


Vce = 480V, Vge = 10V AND 15V 
Voce = 240V, Voge = 10V AND 15V 


fop, OPERATING FREQUENCY (kHz) 


ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
EMITTER CURRENT AND VOLTAGE 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Ice) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fax, Or 
fuax2 Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fuax1 iS defined by fiyax, = 0.05Ap(oFF)- to(oFF)I deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are possible. 
tororry iS defined as the time between the 90% point of the 
trailing edge of the input pulse and the point where the 
collector current falls to 90% of its maximum value. Device 


turn-off delay can establish an additional frequency limiting 
condition for an application other than Tyyax- tororry |S 
important when controlling output ripple under a lightly loaded 
condition. 


fmaxe iS defined by fyaxe = (Pp - Pc)Worr The allowable 
dissipation (Pp) is defined by Pp = (Tywax - Tc)/Reajc. The sum 
of device switching and conduction losses must not exceed Pp. 
A 50% duty factor was used (Figure 10) and the conduction 
losses (Pc) are approximated by Pc = (Veg ® Ic¢e)/2. Woe is 
defined as the integral of the instantaneous power loss starting 
at the trailing edge of the input pulse and ending at the point 
where the collector current equals zero (Ic¢ = OA). 


The switching power loss (Figure 10) is defined as fyyaxo ¢ Wore 
Turn-on switching losses are not included because they can be 
greatly influenced by external circuit conditions and components. 
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Gy FARRIS 


SEMICONDUCTOR 


December 1993 


Features 

¢ 15A and 20A, 400V and 500V 
VcE(on) 2-5V 

° Tr, 1s, 0.5s 

e Low On-State Voltage — 


Fast Switching Speeds 


High Input Impedance 
¢ No Anti-Parallel Diode 


Applications 
e Power Supplies 
¢ Motor Drives 


e Protection Circuits 


Description 


The HGTH20N40C1, HGTH20N40E1, HGTH20N50C1, 


HGTM20N40C1, HGTM20N40E1, HGTM20N50C1, 


HGTH20N40C1, 40E1, 50C1, 50E1 
HGTM20N40C1, 40E1, 50C1, 50E1 
HGTP15N40C1, 40E1, 50C1, 50E1 


15A, 20A, 400V and 500V N-Channel IGBTs 


Packages 
HGTH-TYPES JEDEC TO-218AC 
TOP VIEW 
COLLECTOR -“ — = enMITTER 
(FLANGE) 
COLLECTOR 
HGTP-TYPES JEDEC TO-220AB 
TOP VIEW 
COLLECTOR — 
(FLANGE) EMITTER 
| ) po COLLECTOR 
a GATE 


HGTM-TYPES JEDEC TO-204AA 
TOP VIEW 


COLLECTOR 
ld 


EMITTER (FLANGE) 


GATE 


HGTH20N50E1, 


HGTMZONSOE*. Terminal Diagram 


HGTP15N40C1, HGTP15N40E1, HGTP15N50C1 and HGTP15N50E1 N-CHANNEL ENHANCEMENT MODE 
are n-channel enhancement-mode insulated gate bipolar transistors c 

(IGBTs) designed for high-voltage, low on-dissipation applications such as 

switching regulators and motor drivers. These types can be operated 


directly from low-power integrated circuits. 


The HGTH-types are supplied in the JEDEC TO-218AC plastic pack- 
age and the HGTP-types in the JEDEC TO-220AB plastic package. 
The HGTM-types are supplied in the JEDEC TO-204AA steel package. E 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 


HGTH20N40C1 HGTH20N50C1 

HGTM20N40C1 HGTM20N50C1 

HGTH20N40E1 HGTH20N50E1 HGTP15N40C1 HGTP15N50C1 
HGTM20N40E1 HGTM20N50E1 HGTP15N40E1 HGTP15N50E1 UNITS 


Collector-Emitter Voltage... 0.0.6... cece cence eee Voces 400 500 400 500 V 
Collector-Gate Voltage Reg = 1MQ.............06. Veoar 400 500 400 500 V 
Reverse Collector-Emitter Voltage ............ Voes(rev.) 6 5 5 “5 V 
Gate-Emitter Voltage... 0... ccc cece ce cee teens Voce +20 +20 +20 +20 V 
Collector Current Continuous ....... 0... ce eee ees lo 20 20 15 15 A 
Collector Current Pulsed... ..... ccc cece eee ee lom 35 35 35 35 A 
Power Dissipation at Tp = +25°C 01... eee ee eee Pp 100 100 75 75 Ww 
Power Dissipation Derating Tp > +25°C ... 6. eee eee 0.8 0.8 0.6 0.6 WC 
Operating and Storage Junction Temperature Range... Tj, Tstq -55 to +150 -55 to +150 -55 to +150 -55 to +150 2G 
HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 


4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 


4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 21 74 2 


Copyright © Harris Corporation 1993 
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HGTH20N40C1, 40E1, 50C1, 50E1, HGTM20N40C1, 40E1, 50C1, 50E1, HGTP15N40C1, 40E1, 50C1, 50E1 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS 


Collector-Emitter Breakdown BVces Io = 1mA, Veg = 0 
Voltage 


Gate Threshold Voltage VGE(TH) Voce = Vce; lc =i1mA 
Zero -Gate Voltage Collector lcEs Voce = 400V, To = +25°C 
Voce = 500V, Te = +25°C 


HGTH20N40C1, E1, 
HGTM20N40C1, E1 
HGTP15N40C1, E1 


HGTH20N50C1, E1, 
HGTM20N50C1, E1, 
HGTP15N50C1, E1 


UNITS 


Current 
Vce = 400V, Teo = +125°C 


Vee = 500V, Te = +125°C 
Gate-Emitter Leakage Current Vee = t20V, Veg = 0 


Reverse Collector-Emitter log Ree = 09, Veco = 5V 
Leakage Current 


Collector-Emitter on Voltage Vceon) | lc = 20A, Vee = 10V 
lo = 35A, Veg = 20V 


Gate-Emitter Plateau Voltage lo = 10A, Voge = 10V 
On-State Gate Charge lo = 10A, Voge = 10V 
Turn-On Delay Time lo = 20A, Veercip) = 300V, 
L = 25H, T, = +100°C, 
try 


” 
Ee 
am 
S 


= 
= 


i 


Veg = 10V, Rg = 250 
Turn-Off Delay Time 


Fall Time 


40E1, 50E1 680 (Typ) 


= 


4001, 50C1 


Turn-Off Energy Loss per Cycle 
(Off Switching Dissipation = Wore 
x Frequency) 


Io = 10A, VcE(CLP) = 300V, 
L = 25H, T, = +100°C, 
Voce = 10V, Re = 250 


40E1, 50E1 1810 (Typ) 


4001, 50C1 1070 (Typ) 


oO, 


= 


Thermal Resistance 
Junction-to-Case 


Reic | HGTH, HGTM 
HGTP 


wo 
a) 
J 
AF 


ee ce a 
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HGTH20N40C1, 40E1, 50C1, 50E1, HGTM20N40C1, 40E1, 50C1, 50E1, HGTP15N40C1, 40E1, 50C1, 50E1 


Typical Performance Curves 


Voge = 10V, Reen = Res = 502 


Ice, COLLECTOR CURRENT (A) 
TT 
anon 
aaavenm 
TV 
PT 


Cs KL 


-75 -50 = -25 0 +25 +50 +75 +100 4125 +150 +175 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 1. MAX. SWITCHING CURRENT LEVEL. Rg = 252, 
Voge = OV ARE THE MIN. ALLOWABLE VALUES 


NORMALIZED GATE THRESHOLD VOLTAGE 


-50 0 +50 +100 +150 
Tc, JUNCTION TEMPERATURE (°C) 


FIGURE 3. TYPICAL NORMALIZED GATE THRESHOLD VOLT- 
AGE vs JUNCTION TEMPERATURE 


LY 7 
Lf 
A 


ice, COLLECTOR CURRENT (A) 


iy 


,au 

P| | | | {| fj 

0 1 2 3 4 5 
Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


RATED POWER DISSIPATION (%) 


0 +25 +50 +75 +100 +125 +150 
Tc, CASE TEMPERATURE (°C) 


FIGURE 2. POWER DISSIPATION vs TEMPERATURE DERATING 
CURVE 


PULSE TEST, Vog = 10V 


PULSE DURATION = 80s 
30 | DUTY CYCLE = 0.5% MAX. 


Ice, COLLECTOR CURRENT (A) 


0 2.5 5.0 7.5 10.0 
Voe, GATE-TO-EMITTER VOLTAGE (V) 


FIGURE 4. TYPICAL TRANSFER CHARACTERISTICS 


PULSE TEST, Vge = 10V 
PULSE DURATION = 80ps 
DUTY CYCLE = 0.5% MAX. 


Ice, COLLECTOR CURRENT (A) 


VcE(ON)» COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE6. TYPICAL COLLECTOR-TO-EMITTER ON-VOLTAGE 
vs COLLECTOR CURRENT 
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HGTH20N40C1, 40E1, 50C1, 50E1, HGTM20N40C1, 40E1, 50C1, 50E1, HGTP15N40C1, 40E1, 50C1, 50E1 


Typical Performance Curves (Continued) 


_ sky itinteme — 
= a 
[teeth vocetsv | 

Ic =20A, V 15V 
ee 


C, CAPACITANCE (pF) 


1.75 


tsoL___L_ 1c = 10. Ve = 15V beeoes 
0 10 20 30 40 50 +25 +50 +75 +100 +125 +150 
Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 7. CAPACITANCE vs COLLECTOR-TO-EMITTER FIGURE 8. TYPICAL Vcg(on) vs TEMPERATURE 
VOLTAGE 


2) 
a 
je 
o 


to(orrys SWITCHING TIME (ns) 


+50 +75 +100 +125 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. TYPICAL TURN-OFF DELAY TIME FIGURE 10. TYPICAL INDUCTIVE SWITCHING WAVEFORMS 


Ic = 20A, Voge = 10V, Voz, = 300V 
L = 25uH, Rg = 252 


800 


700 


te), SWITCHING TIME (ns) 
tr], SWITCHING TIME (ns) 
& 
(~] 
S 


0 
+25 +50 +75 +100 +125 +150 425 +50 +75 +100 +125 +150 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 11. TYPICAL FALL TIME (Ic = 10A) FIGURE 12. TYPICAL FALL TIME (ic = 20A) 
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HGTH20N40C1, 40E1, 50C1, 50E1, HGTM20N40C1, 40E1, 50C1, 50E1, HGTP15N40C1, 40E1, 50C1, 50E1 
Typical Performance Curves (Continued) 


1000 
900 


d/o 


el aa | Voce = 10V 

— ee Ea MA 5 
Ei ai - Fi EME faoscbaser te 250 ee cr 
us 

© 400 a , \es TURN-OFF GATE CURRENTS IN \\ E 
nop Tne comommvarmor= AM | § 
— ca Sees Og “H BY THIS NORMALIZATION. < 
é —— d 
F400 —T | 8 

: ee ae Se ee eS 


+25 +50 +75 +100 +125 +150 
Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 13. TYPICAL CLAMPED INDUCTIVE TURN-OFF FIGURE 14. NORMALIZED SWITCHING WAVEFORMS AT CON- 
SWITCHING LOSS/CYCLE STANT GATE CURRENT. (REFER TO APPLICA- 
TION NOTES AN7254 AND AN7260 ON THE USE 
OF NORMALIZED SWITCHING WAVEFORMS) 
Test Circuit 
R, = 40 
1/Rg = /Reen + 1 Roe Vec = 8ov 


SPevwsdaawgaenartevanvae 


Vce(cLp) = == 
300V 


BABBABAsSBovasesayq 


FIGURE 15. INDUCTIVE SWITCHING TEST CIRCUIT 
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HGTG20N100D2 


ta) FARRIS 


SEMICONDUCTOR 


December 1993 20A, 1000V N-Channel IGBT 
Features Package 
¢ 34 Amp, 1000 Volt JEDEC STYLE TO-247 
TOP VIEW 
e Latch Free Operation 
e Typical Fall Time 520ns 
COLLECTOR 
¢ High Input Impedance COrETAL) 
¢ Low Conduction Loss L__» 
Description 
The HGTG20N100D2 is a MOS gated high voltage switching | Ter minal Diagram 


device combining the best features of MOSFETs and bipolar 
transistors. The device has the high input impedance of a 
MOSFET and the low on-state conduction loss of a bipolar c 
transistor. The much lower on-state voltage drop varies only 

moderately between +25°C and +150°C. 


N-CHANNEL ENHANCEMENT MODE 


IGBTs are ideal for many high voltage switching applications 
operating at frequencies where low conduction losses are 
essential, such as: AC and DC motor controls, power sup- 
plies and drivers for solenoids, relays and contactors. E 


This type is supplied in the JEDEC style TO-247 package. 


2 
IGBTs 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 


File Number 2826.2 


HGTG20N100D2 UNITS 
Collector-Emitter Voltages os cosa ab Rae se becca sea ew eae ee sweeneee BVces 1000 V 
Collector-Gate Voltage Rgg = 1MQ 1... ce cece ee cect eee eeee BVocr 1000 Vv 
Collector Current Continuous at To = +25°C 2... eee eee cee cece eee neee loos 34 A 
Ab T eS 490°C iol endas Ge acenetu ew erected lego 20 A 
Collector Current Pulsed (Note 1) 2.0... . 0. cc ccc ce ec ee eee ete e eect eeees lom 100 A 
Gate-Emitter Voltage Continuous. ... 0.2... ce cece eee eee enone Voces +20 Vv 
Gate-Emitter Voltage Pulsed 1... 2... ccc ccc cece eee eee eee eee Voem +30 V 
Switching Safe Operating Area at Ty = +150°C .. 1... cece eee eee eee eee SSOA 100A at 0.8 BVcgs . 
Power Dissipation Total at Tg = +25°C 2.0... eee eect teen eens Pp 150 Ww 
Power Dissipation Derating Tc > +25°C.......... citrate Wig dvs aide teesaes Mahalo ee wareltr 1.20 WwPC 
Operating and Storage Junction Temperature Range ............. eee eee Ty, Tstg -55 to +150 °C 
Maximum Lead Temperature for Soldering ........... 0c cece cece e cece eee eee TL 260 °C 
(0.125 inch from case for 5 seconds) | 
Short Circuit Withstand Time (Note 2) at Vgg = 15V.. ccc cee cee eee eee tsc 3 ps 
QCVep et 1OV on cceie caeedde coer ae eeals tsc 15 

NOTES: 

1. Repetitive Rating: Pulse width limited by maximum junction temperature. 

2. VcE(PEAK) = 600V, Te = +125°C, Ree = 25. 

HARRIS SEMICONDUCTOR IGBT PRODUCT iS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


Specifications HGTG20N100D2 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX — 


Collector-Emitter Breakdown Voltage Ig = 250mA, Veg = OV | 1000 | i re 
Collector-Emitter Leakage Voltage To = +25°C 
Vee =0.8 BV ces Te = +125°C 


Collector-Emitter Saturation Voltage Voesan lo = logo, Te = +25°C 
Voe= 16V To = +125°C 
lo = lego, Te = +25°C 


Vae = 10V To = +125°C 


VaGectH) lo = 500pA, To= +25°C 
Vcr = Vae 


Voge = t20V 
VaeP Ic = logo» Voce = 0.5 BV ces 
Ic = logo» Voce = 15V 


Vee = 0.5 BV ces Ves 20V 


L= 50pH, lo = logo: Reg = 25Q, 
Voce = 15V, Ty = +125°C, 
Vee = 0.8 BV ces 


Gate-Emitter Threshold Voltage 


Gate-Emitter Leakage Current 


+250 nA 


Gate-Emitter Plateau Voltage 
On-State Gate Charge 


7. 


| 
Q 


Q 


Current Turn-On Delay Time toronyt 


Current Rise Time 
Current Turn-Off Delay Time 


o 
© 


>} ah 


Current Fall Time 
Turn-Off Energy (Note 1) 


Current Turn-On Delay Time 


0 


i" 


L= 50uH, lo = logo: Re = 25Q, 
Vee = 10V, Ty = +125°C, 


Current Rise Time Veg = 0.8 BVcEs 


Current Turn-Off 
Current Fall Time 
Turn-Off Energy (Note 1) 


Thermal Resistance 


flele)el le} 


ie) 
~“ 


0.7 


NOTE: 1. Turn-off Energy Loss (Wo,¢r) is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and 
ending at the point where the collector current equals zero (Ic¢¢ = OA) The HGTG20N100D2 was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. 


Bs) 
ad 
re) 
S 
= 


o 


2 
~] 


Typical Performance Curves 


PULSE DURATION = 250s 
DUTY CYCLE < 0.5%, Te = +25°C 


40 


PULSE DURATION = 250s 
DUTY CYCLE < 0.5%, Vog = 10V 


7 ) | 
V; 
my! 


10 


Ice, COLLECTOR-EMITTER CURRENT (A) 
Ice, COLLECTOR-EMITTER CURRENT (A) 


0 8 10 0 2 4 6 8 10 
Voge, GATE-TO-EMITTER VOLTAGE (V) Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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HGTG20N100D2 


Typical Performance Curves (Continued) 


Ice, DC COLLECTOR CURRENT (A) 
tr), FALL TIME (1s) 


+25 +50 +75 +100 +125 +150 
Tc, CASE TEMPERATURE (°C) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 


6000 


5000 


= 0 
c Ww wa 
= 4000 a ma 
o Ki O 
z ° 
< > 
5 3000 HT 
a 0.75 BVces 0.75 BVces E 
iz 2000 0.50 BVcEs ui 
0.25 BVces & 
| | 4 
1000 ff 
GS 
~ 
: i 
Iq(REF) G(REF) 
Voge, COLLECTOR-TO-EMITTER VOLTAGE (V) le(acty TE we) leact) 


FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 
STANT GATE CURRENT (REFER TO APPLICATION 


LF” Vog = 400V, Voge = 10V, 15V 


NOTES AN7254 AND AN7260) 
5 10 ey 
= T;=4150°C, Vee = 15V, i A A ET AOTI E 0 
z J= Sea A aE] Et A Se NE MCR nc 
= Rg = 25Q, L = 50H Bh ee Pe ee 
S 4 2 Shs ot 
— (o) 
w . = 
: 3 vee =t00 Yoe= 1015 Pa 
5 = A||L= 
g é | ee 
2 on - A SS A CT EF” A A A La TS AVE AICS 
< nD” 44  .2 ee eee eee eee 
a 2 v7 Pt ON ol SS EA RY I 
5 re) PA Ws Oe ee 
E > —_, ae wi 
a 5 an i 
2 . ae 
g S 


10 40 


ice, COLLECTOR-EMITTER CURRENT (A) Ice, COLLECTOR-EMITTER CURRENT (A) 


0.1 


FIGURE 7. SATURATION VOLTAGE vs COLLECTOR-EMITTER FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
CURRENT EMITTER CURRENT 
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HGTG20N100D2 


Typical Performance Curves (Continued) 


NOTE: 
1.2 T, = 4150° Pp = ALLOWABLE DISSIPATION Pc = CONDUCTION DISSIPATION 
J= +150 Cc 
ees) Se 
=e 1.07 > ode | ||. ry 
2 [Yorn 10% Re= 500] [TTT —— : 
< 0.8 es pee een, > 
im (0. 
Qa =z 
foc | 
0.6 DO SE Me eee Ww 
z Soa Be 
P , [vaestuna=20] TTT }[[>—~h g tr 
a 0.4 Fa AS a a 
c a ees Eas A 
S wi a 
- 0.2 ro) 
a. Ty = +150°C, To = +75°C, Voge = 15V 
2 Rg = 252, L = 50H 
0.0 4 
: ie oF 1 10 100 
Ice; COLLECTOR-EMITTER CURRENT (A) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 9. TURN-OFF DELAY vs COLLECTOR-EMITTER FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
CURRENT EMITTER CURRENT AND VOLTAGE 
< 
- 
=< 
Wi 
oc 
x 
= 
o 
« 
uu 
E 
= 
TT 
S 
© 
Ww 
_ 
= 
Oo 
= 
$s 
VceE(ony» SATURATION VOLTAGE (V) 
FIGURE 11. COLLECTOR-EMITTER SATURATION VOLTAGE 
Test Circuit 


FIGURE 12. INDUCTIVE SWITCHING TEST CIRCUIT 
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HGTG20N100D2 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Ice) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fax, or 
fyaxe Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fuax1 is defined by fax = 0.05/tpioFFy!- to~orrFy deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are possible. 
tp(orr) ‘is defined as the time between the 90% point of the 
trailing edge of the input pulse and the point where the 
collector current falls to 90% of its maximum value. Device 


turn-off delay can establish an additional frequency limiting 
condition for an application other than Tyyax. torr is 
important when controlling output ripple under a lightly loaded 
condition. 


fMaxe is defined by fyaxe = (Pp - Pc)/Worr The allowable 
dissipation (Pp) is defined by Pp = (T JMAX * Tco)/Rasc- The sum 
of device switching and conduction losses must not exceed Pp. 
A 50% duty factor was used (Figure 10) and the conduction 
losses (Pc) are approximated by Po = (Voce ® IcgV2. Wore is 
defined as the integral of the instantaneous power loss starting 
at the trailing edge of the input pulse and ending at the point 
where the collector current equals zero (Ic¢¢ = OA). 


The switching power loss (Figure 10) is defined as fyyaxo ¢ Wore 
Turn-on switching losses are not included because they can be 
greatly influenced by external circuit conditions and components. 
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FARRIS 


SEMICONDUCTOR 


ao 


December 1993 


Features 

e 34 Amp, 1200 Volt 

Latch Free Operation 
Typical Fall Time - 780ns | 
¢ High Input Impedance 

¢ Low Conduction Loss 


Description 


The HGTG20N120E2 is a MOS gated, high voltage switch- 
ing device combining the best features of MOSFETs and 
bipolar transistors. The device has the high input impedance 
of a MOSFET and the low on-state conduction loss of a 
bipolar transistor. The much lower on-state voltage drop 


HGTG20N120E2 


34A, 1200V N-Channel IGBT 


Package 
JEDEC STYLE TO-247 
TOP VIEW 

COLLECTOR 

(BOTTOM SIDE 
METAL) 
L_ 

Terminal Diagram 


Cc 
varies only moderately between +25°C and +150°C. 
IGBTs are ideal for many high voltage switching applications 
operating at frequencies where low conduction losses are 
essential, such as: AC and DC motor controls, power - 
supplies and drivers for solenoids, relays and contactors. 
The development type number for this device is TA49009. E 
This type is supplied in the JEDEC style TO-247 package. 
Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 7 
HGTG20N120E2 UNITS 

Collector-Emitter Breakdown Voltage. 0.0.0... 2. cece ee eee eee ee ene eee BVces 1200 V 
Collector-Gate Breakdown Voltage Reg = 1MQ.... 6. eee cee ee eee BVcer 1200 V 
Collector Current Continuous 

At Te = +25°C Saeele fei sbecwhinl Blwsxigitec SUE. lacie Note eNib 26 "e's tes ca el el a e.s8-laniatseDar @) ei eii0) telat [6.8 ae Loe et ee ie te 6:8) loos 34 A 

At Te = +90°C ee eae aera ae ee ee ee ae i ee ae ee ea ee ae a ee ea logo 20 A 
Collector Current Pulsed (Note 1) 0.0.2... ... cc ccc ccc cece ee ete e cette eenes lom 100 A 
Gate-Emitter Voltage Continuous... 0.0... cece e eee ee eee e eee VoaEs +20 V 
Gate-Emitter Voltage Pulsed 2 o.0s s0a3c.cu Seto e SANG oe wake sa wedtematinn ats Voem +30 V 
Switching SOA at To = +150°C 0... cece cece eee eee ee ee eens SSOA 100A at 0.8 BVog¢s - 
Power Dissipation Total at To = +25°C 2... cece cee eee ee eee eens Pp 150 Ww 
Power Dissipation Derating Tg > +25°C. 6c ccc ce eee cee ree nee e ee eees 1.20 wC 
Operating and Storage Junction Temperature... ...... cece ee ee eee Ty, Tst¢ -55 to +150 °C 
Maximum Lead Temperature for Soldering ......... 0... cece eee eee eee eens Th 260 °C 

(0.125" from case for 5 seconds) 
Short Circuit Withstand Time (Note 2) 

At Voce BS VSV a datwresace cu tad haw ee ea See See ee ewe wena ee Ne ewes tsc 3 LS 

AUN Ge SOV ins nek wre sd a Satie tien beatebns ene eater Reva eeicireese tsc 15 HS 
NOTES: 


1. Repetitive Rating: Pulse width limited by maximum junction temperature. 


2. VcE(PEAK) = 720V, Te = +1 25°C, Ree = 250 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


4,364,073 4,417,385 4,430,792 4,443,931 
4,587,713 4,598,461 4,605,948 4,618,872 
4,641,162 4,644,637 4,682,195 4,684,413 
4,794,432 4,801,986 4,803,533 4,809,045 
4,860,080 4,883,767 4,888,627 4,890,143 
4,969,027 
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4,466,176 4,516,143 4,532,534 4,567,641 
4,620,211 4,631,564 4,639,754 4,639,762 
4,694,313 4,717,679 4,743,952 4,783,690 
4,809,047 4,810,665 4,823,176 4,837,606 
4,901,127 4,904,609 4,933,740 4,963,951 


3-38 


File Number 3370.1 


Specifications HGTG20N120E2 


Electrical Specifications At Case Temperature (Tc) = +25°C Unless Otherwise Specified 


LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | min | TYP | MAX — UNIT 
Collector-Emitter Breakdown BVces | Io = 250pA, Vee = OV V 
Voltage 
Collector-Emitter Saturation VcE(SAT) Ic = logos VoE = 15V To = +25°C p+ | 29 | 35 [ov | 
Voltage 
Gate-Emitter Threshold Voltage Veen) | Ic = 500pA, Te = +25°C Vv 
Vce = Vee 
Gate-Emitter Plateau Voltage lo = Iooo, Veg = 0.5 BV ces p= | vo f - [ov | 
On-State Gate Charge Voge = 15V Ce] 110 | 150 | nc | 
Current Turn-on Delay Time Ry, = 480 lo =loego, Vag = 15V, oe. 100 pe fons | 
Voce = 0.8 BVces, 
T J= +125°C 
Current Turn-on Delay Time R, = 48Q lo =le99, Vag = 10V, se 100 p= | ons | 
Vcg = 0.8 BVces, 
T j= +125°C 
Current Turn-off Delay Time L = 50pH poe 420 520 pons | 


NOTE: 


1. Turn-off Energy Loss (Wo,¢rf) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Icg = OA). The HGTG20N120E2 was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 
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HGTG20N120E2 


Typical Performance Curves 


PULSE OURATION=250us. DUTY CYCLE < 0.5Y. Vee=!10V PULSE DURATION=250uS, OUTY CYCLE <.6Z. Te=26°C 


- A 


COLLECTOR-EMITTER CURRENT (Ice) - A 
COLLECTOR-EMITTER CURRENT (Ice) 


6 
COLLECTOR-TO-EMITTER VOLTAGE <Vce) - V 


2 6 8 
BATE-TO-EMITTER VOLTABE (Vga) - ¥ 


FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 


Vca-960V, Tj-'50degl, Vge-15V, Rg-25ohae, L-5OuH 


OC COLLECTOR CURRENT (Iced - A 
FALL TIME (tfi)d - uf 


ris) 100 10 
CASE TEMPERATURE (Tc) - °F COLLECTOR-EMITTER CURRENT CIce) - AR 
FIGURE 3. MAXIMUM DC COLLECTOR CURRENT AS A FIGURE 4. FALL TIME AS A FUNCTION OF COLLECTOR- 
FUNCTION OF CASE TEMPERATURE EMITTER CURRENT 
1200 RL=60o0h de 
ao FREQUENCY (f) = 1MHz reais Ig(REF)=1.52ma 
Vce=Vces Vce=Vces 
900 
‘e " 
2 3 
e ¥ 600 
ws 5 g 
a 0.50 Vces 0.50 Vces 
x 0.25 Vces 0.25 Vces 
Q 300 
& 
COLLECTOR—EMITTER VOLTAGE 
— “0 
5 1 5 20 Ig(REF) | iq(REF) 
COLLECTOR-TO a TTER vOLTABE (Vca) - V o Ig(ACT) PRE eee sa (ACT) 
FIGURE 5. CAPACITANCE AS A FUNCTION OF COLLECTOR- FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT 
EMITTER VOLTAGE CONSTANT GATE CURRENT. (REFER TO 


APPLICATION NOTES AN7254 AND AN7260) 
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HGTG20N120E2 


Typical Performance Curves (Continued) 


Tj = 150° 


SATURATION VOLTAGE [(V¥cetsot)] - V 


COLLECTOR-EMITTER CURRENT (Ice) - A vc 


FIGURE 7. SATURATION VOLTAGE AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT 


O°C, Vce-960V, L=60uH 


a 


Tj=1 


TURN-DOFF DELAY [td¢offdid - uS 


0 40 


| 
COLLECTOR-EMITTER CURRENT CIcea) - A 


FIGURE 9. TURN-OFF DELAY AS A FUNCTION OF COLLECTOR- 
EMITTER CURRENT 


40 


COLLECTOR-EMITTER CURRENT <Ice) - A 


ieee eR I 
a Za ae 


‘evticioi dint 3 
eee wt ae es ea | TE TR 


2 3 4 
SATURATION VOLTAGE [¥ce(sat))] - V 
FIGURE 11. COLLECTOR-EMITTER SATURATION VOLTAGE 


Tj-160 C, Vge-I5¥. Rg-26ohne. L-50uH 


el 0.0 REET, CERI CEE PS 


TURN-DFF SWITCHING LOSS (Woff) - 


i=) 
e 


COLLECTDOR-EMITTER CURRENT (Ice) - A 


FIGURE 8. TURN-OFF SWITCHING LOSS AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT 


Tj=160°C, Te=75°C, Vgo=16¥, Rg=25ohns, L=50uH 


” 
b= 
a 
o 


fmox! - .05 / tdoffi 
fmox2 - (Pd - Pod / Woff 


Pd: ALLOWABLE OISSIPATIDN 
Pc: CONDUCTION DISSIPATION —{— 


€Pe OUTY FACTOR =- 607) 


Royce 7-7 C/W 


OPERATING FREQUENCY ¢ fmax)-KHz 
=) 


{ 
I 10 50 


PEAK COLLECTOR-EMITTER CURRENT (Ice) - A =v 


FIGURE 10. OPERATING FREQUENCY AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT AND VOLTAGE 


Vpe = 15V 
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HGTG20N120E2 


Test Circuit 


1/Rg = /Roen + Roe 


Re el 4 


Weeewewewvewsveae 


FIGURE 12. INDUCTIVE SWITCHING TEST CIRCUIT 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Ice) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fia, or 
fwaxa Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fuax1 iS defined by fyax1 = 0-05/tp(oFF)- to~orrFy Geadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are 
possible. tp(orry is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional fre- 
quency limiting condition for an application other than Tyyax. 
to(orFy is important when controlling output ripple under a 
lightly loaded condition. fyaxe is defined by faxes = (Pd - Pc)/ 
Worr The allowable dissipation (Pd) is defined by Pd = 
(Tymax ~ Tc)/Rajc. The sum of device switching and conduc- 
tion losses must not exceed Pd. A 50% duty factor was used 
(Figure 10) and the conduction losses (Pc) are approximated 
by Pc = (Vce ¢ Ic¢)/2. Wor is defined as the integral of the 
instantaneous power loss starting at the trailing edge of the 
input pulse and ending at the point where the collector 
current equals zero (Ic¢ = OA). 


The switching power loss (Figure 10) is defined as fyaxo © 
Wore Turn-on switching losses are not included because 
they can be greatly influenced by external circuit conditions 
and components. 


Handling Precautions for IGBTs 


Insulated Gate Bipolar Transistors are susceptible to gate- 
insulation damage by the electrostatic discharge of energy 
through the devices. When handling these devices, care 
should be exercised to assure that the static charge built in 
the handler’s body capacitance is not discharged through 
the device. With proper handling and application procedures, 
however, IGBTs are currently being extensively used in 
production by numerous equipment manufacturers in 
military, industrial and consumer applications, with virtually 
no damage problems due to electrostatic discharge. IGBTs 
can be handled safely if the following basic precautions are 
taken: 


1. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs or by the insertion into conductive material such 
as ““ECCOSORBD LD26” or equivalent. 


2. When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means - for example, with a metallic wristband. 


3. Tips of soldering irons should be grounded. 


4. Devices should never be inserted into or removed from 
circuits with power on. 


5. Gate Voltage Rating - Never exceed the gate-voltage 
rating of VGEM. Exceeding the rated VGE can result in 
permanent damage to the oxide layer in the gate region. 


6. Gate Termination - The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions 
can result in turn-on of the device due to voltage buildup 
on the input capacitor due to leakage currents or pickup. 


7. Gate Protection - These devices do not have an internal 
monolithic zener diode from gate to emitter. If gate 
protection is required an external zener is recommended. 


* Trademark Emerson and Cumming, Inc. 
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HGTG24N60D1 


SEMICONDUCTOR 


Gy FARRIS 


December 1993 24A, 600V N-Channel IGBT 
Features Package 
e 24 Amp, 600 Volt JEDEC STYLE TO-247 
TOP VIEW 
e Latch Free Operation 
e Typical Fall Time <500ns 
COLLECTOR 
e High Input Impedance BO TETAL} 
e¢ Low Conduction Loss Lae 
Description 
The IGBT is a MOS gated high voltage switching device | Terminal Diagram 


combining the best features of MOSFETs and bipolar 
transistors. The device has the high input impedance of a 
MOSFET and the low on-state conduction loss of a bipolar c 
transistor. The much lower on-state voltage drop varies only 

moderately between +25°C and +150°C. 


N-CHANNEL ENHANCEMENT MODE 


IGBTs are ideal for many high voltage switching applications 
operating at moderate frequencies where low conduction 
losses are essential, such as: AC and DC motor controls, 
power supplies and drivers for solenoids, relays and contactors. E 


>] 
IGBTs 


This type is supplied in the JEDEC style TO-247 package. 


Absolute Maximum Ratings (T. = +25°C), Unless Otherwise Specific 


HGTG24N60D1 UNITS 

Collector-Emitter Voltage... 0... cece cece cee eee een e nes BVces 600 V 
Collector-Gate Voltage Reg = 1MQ ... 1... cece ec eee eee eens BVccr 600 V 
Collector Current Continuous at To = +25°C .. 2. cee cee eee eens loos 40 A 

at Voce = 15V at Te HA 00 Gas. « oon a aca eee ae looo 24 A 
Collector Current Pulsed (Note 1) 22.22... cece cece ee cece cece ee eee ee eens lom 96 A 
Gate-Emitter Voltage Continuous. .........2 2... ce ec ee ce cee eee ene Vees +25 V 
Switching Safe Operating Area at T) = +150°C... 1... ec ee eee ees SSOA 60A at 0.8 BVces - 
Power Dissipation Total at To = +25°C 2... eee ee eects Pp 125 Ww 
Power Dissipation Derating To > 425°C... cc ccc cc cece eee e eee ee ences 1.0 wc 
Operating and Storage Junction Temperature Range......... fatale teil Gok ae Ty, Tstg -55 to +150 °C 
Maximum Lead Temperature for Soldering ......... 2... cece cece cece ee eens TL 260 °C 

(0.125 inch from case for 5 seconds) 

NOTE: 


1. Repetitive Rating: Pulse width limited by maximum junction temperature. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 2831.2 


Specifications HGTG24N60D1 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 
Collector-Emitter Breakdown Voltage | BVces c= 250A, Vee=0v = | oo | - | - | ov 


To = +125°C 


VGE(TH) ¢ = ee To= +25°C_ 
ce = Vce 


Collector-Emitter Leakage Voltage 


3 
> 


_— 
N 


Collector-Emitter Saturation Voltage VcE(SaT) 


Gate-Emitter Threshold Voltage 


Gate-Emitter Leakage Current Vee = £20V 


Gate-Emitter Plateau Voltage Vaep lo = logo, Voge = 0.5 BV ces 


On-State Gate Charge Ic = lego, 


Qeion) 


= 
1?) 


a 
m 
i 
a 
< 
+ 
nn 


Current Turn-On Delay Time toon)! L = 500pH, Io = logo, Rg = 252, 100 
Veg = 15V, Ty = +150°C, 

Current Rise Time tr Voce = 0.8 BVces 150 

Current Turn-Off Delay Time | toyorey | 700 

Current Fall Time 450 

Turn-Off Energy (Note 1) 


= 
7) 


2 


Thermal Resistance 


NOTE: 1. Turn-off Energy Loss (Worf) is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and 
ending at the point where the collector current equals zero (Ice = OA) The HGTG24N60D1 was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. 


Typical Performance Curves 


40 


PULSE DURATION = 250s 
DUTY CYCLE < 0.5%, Vcg = 15V 
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Iog, COLLECTOR-EMITTER CURRENT (A) 


0 2 4 6 8 10 


2 3 4 5 
Voe, GATE-TO-EMITTER VOLTAGE (V) Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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HGTG24N60D1 


Typical Performance Curves (Continued) 


900 Voce = 480V, Voge = 10V AND 15V, 
Ty = +150°C, Rg = 250, L » 500nH 


a 
So 
o 


tr, FALL TIME (ns) 
o &@ w 
So o o 
So So © 


ice, DC COLLECTOR CURRENT (A) 
8 
° 


= 
So 
oe 


+25 +50 +75 +100 +125 +150 
Tc, CASE TEMPERATURE (°C) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 


5000 = 
W 
@ 450 a 2 
ce 4000 3 g om 
2 a O 
Ww faa ro) = 
9 Mu 0.50 BVces 0.50 BVces = 
= 2000 o 0.25 BV rr 
< a . CEs 0.25 BVces ‘ 
Oo © 150 5 
) | o 
1000 a c 
oO IG(REF) = 1-.83mMA rc 
r Voe =10V > 
0 L 0 ; 
G(RE RE 
D TIME (ys) sd 
Vee, COLLECTOR-TO-EMITTER VOLTAGE (V) Ig(AcT) Iq(act 


FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 
STANT GATE CURRENT (REFER TO APPLICATION 


NOTES AN7254 AND AN7260) 
__ 7.00 oT 
Ss ) 
i Ty = +150°C, Rg = 252, 
_ 3 L = 500uH 
we he 
2 
3 5 1.00 = 
E ho 
z = a 
ro} 7) 
= mz 
a é fe 
re) 
> z is 
be c 
A = i 
J i 0-1 0 = 
cS s = 
0.05 —_ 
1 10 40 
Ice, COLLECTOR-EMITTER CURRENT (A) Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 7. SATURATION VOLTAGE vs COLLECTOR-EMITTER FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
CURRENT EMITTER CURRENT 
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HGTG24N60D1 


Typical Performance Curves (Continued) 


Ty = +150°C 
Roe = 25Q 
L = 500u.H 


oo 
CSS 
Voce = 240V, Vee = 10V aii PSN IS 
vecamevge TTT 
ans a | 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 9. TURN-OFF DELAY vs COLLECTOR-EMITTER 
CURRENT 
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ao 
3 


La 
NI 
» 
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NOTE: 
Pp = ALLOWABLE DISSIPATION Po = CONDUCTION DISSIPATION 


0 oor 
a RE Ts = +150°C, Te = +100°C, 


mx 


faa 
nl 
a 
Wi 


fop, OPERATING FREQUENCY (KHz) 
° 


1 10 50 
Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
EMITTER CURRENT AND VOLTAGE 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (log) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fryax; or 
fax Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fuax1 iS defined by fax; = 0.05/tpoFF)I- to(OFF) deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are possible. 
toiorry IS defined as the time between the 90% point of the 
trailing edge of the input pulse and the point where the 
collector current falls to 90% of its maximum value. Device 


turn-off delay can establish an additional frequency limiting 
condition for an application other than Tymax- tporry is 
important when controlling output ripple under a lightly loaded 
condition. 


fmaxe is defined by fyaxe = (Pp - Pc)/Worr The allowable 
dissipation (Pp) is defined by Pp = (Tymax - To)/Reayc. The sum 
of device switching and conduction losses must not exceed Pp. 
A 50% duty factor was used (Figure 10) and the conduction 
losses (Pc) are approximated by Po = (Voce @ Iog/2. Wore is 
defined as the integral of the instantaneous power loss starting 
at the trailing edge of the input pulse and ending at the point 
where the collector current equals zero (Io¢ = OA). 


The switching power loss (Figure 10) is defined as fyyayo ¢ Wore 
Turn-on switching losses are not included because they can be 
greatly influenced by external circuit conditions and components. 
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iy FARRIS 


SEMICONDUCTOR 


HGTM24N60DT1 


24A, 600V N-Channel IGBT 


December 1993 


Features Package 

e 24 Amp, 600 Voit JEDEC TO-204AA 
BOTTOM VIEW 

e Latch Free Operation 

¢ Typical Fall Time <500ns 

¢ High Input Impedance EMITTER ¥ ANGE) 

e Low Conduction Loss 

Description GATE 

The IGBT is a MOS gated high voltage switching device 

combining the best features of MOSFETs and bipolar 

transistors. The device has the high input impedance of a 

MOSFET and the low on-state conduction loss of a bipolar . . 

transistor. The much lower on-state voltage drop varies only Terminal D lagram 

moderately between +25°C and +150°C. N-CHANNEL ENHANCEMENT MODE 

IGBTs are ideal for many high voltage switching applications c 


operating at moderate frequencies where low conduction 
losses are essential, such as: AC and DC motor controls, 
power supplies and drivers for solenoids, relays and 
contactors. G 


This type is supplied in the JEDEC TO-204AA package. 


” 
- 
am 
o 


E 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specific 
HGTG24N60D1 UNITS 

Collector-Emitter Voltage... 0... ccc ccc ccc ween cece eset ene eeens BVces 600 V 
Collector-Gate Voltage Reg = 1MQ . 1... ccc ccc ce eee ce eee eens BVcar 600 V 
Collector Current Continuous at To = +25°C. 2... ee ec eee eee nes loos 40 A 

at Voce = 15V at Te 00" Co.cc ihe hee oteee logo 24 A 
Collector Current Pulsed (Note 1) 2.2... cece ce cee cece tee e eee e eee lom 96 A 
Gate-Emitter Voltage Continuous... 0.0... ce ccc cece ee eee Voes +25 V 
Switching Safe Operating Area at Ty =+150°C 2.0... cece cece e eee eee SSOA 60A at 0.8 BVces - 
Power Dissipation Total at To = +25°C 2.0... ccc ccc cece cence ee eeeee Pp 125 Ww 
Power Dissipation Derating To > 425°C... ccc cece cece eect e ee eeenees 1.0 WC 
Operating and Storage Junction Temperature Range.................005- Ty, Tste -55 to +150 °C 
Maximum Lead Temperature for Soldering ............ cc cece cece ee eee eeees TL 260 °C 


(0.125 inches from case for 5 seconds) 


NOTE: 
1. Repetitive Rating: Pulse width limited by maximum junction temperature. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 
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Specifications HGTM24N60D1 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


| LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | 


Collector-Emitter Breakdown Voltage Io = 250A, Vege = OV 


Collector-Emitter Leakage Voltage Tg = +25°C 


3 
> 


3 
> 


Voce = 0.8 BV ces | Te = +125°C 


Collector-Emitter Saturation Voltage VcE(SAT) = | To = +25°C 
To =+125°C | 
Gate-Emitter Threshold Voltage VGeE(tH) Io = 250pA, To =+25°C | 
Voce = Vee | 


N 


> 
Q 7a 


Vee = 15V, Ty = +150°C, 
Current Fall Time | pot | 
Resc 


= 


Qeon) lo = Icg0; 
Voe = 0.5 BV ces 


Turn-Off Energy (Note 1) 


Thermal Resistance 


S 


fe) 
= 


NOTE: 1. Turn-off Energy Loss (Wo¢r) is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and 
ending at the point where the collector current equals zero (Ic¢ = OA) The HGTM24N60D1 was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. 


Typical Performance Curves 


40 PULSE DURATION = 250s 


DUTY CYCLE < 0.5%, To = +25°C 


PULSE DURATION = 250s 40 
< DUTY CYCLE < 0.5%, Vog = 15V < 
md A = 35 
iu 30 < 
f 30 
= fm ) 
© © 

20 
= = 20 
ui uy 
1 am 15 
2 40 2 
O © 40 
d 4 
] & 5 
0 
8 $ 0 
0 1 2 3 4 5 
Vag, GATE-TO-EMITTER VOLTAGE (V) Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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HGTM24N60D1 


Typical Performance Curves (continued) 


Ice, DC COLLECTOR CURRENT (A) 


+25 +50 +75 +100 +125 +150 
Tc, CASE TEMPERATURE (°C) 
FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE 


C, CAPACITANCE (pF) 


Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE 


3 
Ty = +150°C 


ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE7. SATURATION VOLTAGE vs COLLECTOR-EMITTER 
CURRENT 


VcE(oN» SATURATION VOLTAGE (V) 
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1000 : 
aie Voge = 480V, Vag = 10V AND 15V, 

Ty = +150°C, Rg = 250, L = 500uH 
aa 


te), FALL TIME (ns) 
wn 
°o 
°o 


Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 


600 10.0 
S = 
: : 
i 450 75 & 
g g 
oc 
Ww 
F E 
= 300 5.0 = 
rT) 0.75 BVces 0.75 BVces uu 
5 0.50 BVces 0.50 BVcEs Fe 
O 0.25 BVces 0.25 BVces o 
450 = 25 
8 > 

* Iq(REF) = 1.83mA 
S Voge = 10V 
0 0 
Ig(RE IG(RE 
(REF) Tega) (REF) 
Iq@(AcT) Iq(AcT) 


FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 
STANT GATE CURRENT (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 


Ty = +150°C, Rg = 252, 


ips 

Yees 00K vers ou 1v LT | 
Voce = 480V, Veg = 10V, 15V rat oa 
CRIA 


1.00 tee 


Worf, TURN-OFF SWITCHING LOSS (J) 


1 10 40 
Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
EMITTER CURRENT 


” 
- 
a 
S 


HGTM24N60D1 


Typical Performance Curves (Continued) 


Voce = 240V, Voge = 10V 
Voce = 240V, Voge = 15V 


toyorry, TURN-OFF DELAY (ns) 


Ty=+1 50°C 
Roe z 250 
L = 500uH 


ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 9. TURN-OFF DELAY vs COLLECTOR-EMITTER 
CURRENT 


NOTE: 
Pp = ALLOWABLE DISSIPATION Po = CONDUCTION DISSIPATION 


z ° ET y= +150°G, To = +100°C, Rigg = 250, L = 500uH J — 
VR 2222 2772 277771 ZZ A 
> ES i i 
g mee 
= 

CG A 

a Po = DUTY FACTOR = 50% <oRe 
E10 Roig = 1.0°CW Se 
Oo eJC * '- im Ss (EERE b. We Joe ie 
> i Lk le 
= a a Ma, A - Oald 
< OO eV 
ui eae Ce, Ha 
o Voce = 480V, Vge = 10V, 15V Va 
§ oa Voce = 240V, Vag = 10V, 15V 1 7 

4 
1 


10 50 
Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
EMITTER CURRENT AND VOLTAGE 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Ice) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fra; or 
fmax2 Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fax is defined by fax = 0.05ApoFF)- tp(OFF)I deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are possible. 
tororry iS defined as the time between the 90% point of the 
trailing edge of the input pulse and the point where the 
collector current falls to 90% of its maximum value. Device 


turn-off delay can establish an additional frequency limiting 
condition for an application other than Tyyax. toiorry is 
important when controlling output ripple under a lightly loaded 
condition. 


fuaxe is defined by fyaxo = (Pp - Pc)/Worr The allowable 
dissipation (Pp) is defined by Pp = (Tyyjax - Tc)/Rajc. The sum 
of device switching and conduction losses must not exceed Pp. 
A 50% duty factor was used (Figure 10) and the conduction 
losses (Pc) are approximated by Po = (Veg @ IoeV/2. Wor is 
defined as the integral of the instantaneous power loss starting 
at the trailing edge of the input pulse and ending at the point 
where the collector current equals zero (Ic¢ = OA). 


The switching power loss (Figure 10) is defined as fyayo ¢ Wore 
Turn-on switching losses are not included because they can be 
greatly influenced by external circuit conditions and components. 
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HGTG30N120D2 


ta) FIARRIS 


SEMICONDUCTOR 


December 1993 30A, 1200V N-Channel IGBT 
Features Package 
¢ 30 Amp 1200 Volt JEDEC STYLE TO-247 
TOP VIEW 
e Latch Free Operation 
e Typical Fall Time - 580ns 
sortea ste 
¢ High Input Impedance ( METAL} 


Low Conduction Loss 


Description 


The HGTG30N120D2* is a MOS gated high voltage switch- 
ing device combining the best features of MOSFETs and 
bipolar transistors. The device has the high input impedance 
of a MOSFET and the low on-state conduction loss of a 
bipolar transistor. The much lower on-state voltage drop c 
varies only moderately between +25°C and +150°C. 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


The IGBTs are ideal for many high voltage switching nal 
applications operating at moderate frequencies where low G ra 
conduction losses are essential, such as: AC and DC motor = 
controls, power supplies and drivers for solenoids, relays 
and contactors. E 
“Formerly Developmental Type TA49010 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
HGTG30N120D2 UNITS 

Coliector-Emillor Voltage:ac..c oben aatuS eee sieve awe ae sae eiee ee daees BVces 1200 V 
Collector-Gate Voltage, Rag =1MQ .. 6... ce cece cence eee e cence Vocr 1200 V 
Collector Current Continuous at To = +25°C. 6. cece eee eee eens loos 50 A 

at Voce =15V at Te eo | 0 in| @: ee ee logo 30 A 
Collector Current Pulsed (Note 1) 20... . ccc cee cece ee ree eee e eens lom 200 A 
Gate-Emitter Voltage Continuous. ....... 0.0... ccc ccc cece cece eeenes Voces +20 V 
Gate-Emitter Voltage Pulsed .. 1.2.2.2... ce cece ccc cece cee e ene eeees Voem +30 V 
Switching Safe Operating Area at Ty = +150°C ...... eee cee eee teen SSOA 200A at 0.8 BVces - 
Power Dissipation Total at To = +25°C 2... cee ccc eect eee eeees Pp 208 Ww 
Power Dissipation Total Derating To > +25°C 2... ccc cece cee ete eee eees 1.67 wC 
Operating and Storage Junction Temperature Range ................000- Ty, Tstg -55 to +150 °C 
Maximum Lead Temperature for Soldering ............. 0c cee sce e cece ee eeeees TL 260 °C 
Short Circuit Withstand Time (Note 2) at Vgg = 16V.. 6... cee ee ee eee eee tsc 6 pS 

at Voce OV ta cit esd we xueer Pe ore a reese ea dre tsc 15 The} 

NOTES: 


1. Repetitive Rating: Pulse width limited by maximum junction temperature. 
2. VcE(PEAK) = 720V, Te = +125°C, Ree = 250. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 | 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 2834.1 


Specifications HGTG30N120D2 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


| | | LIMITS | 
PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS | 


Collector-Emitter Breakdown Voltage Io = 250A, Vgg = OV | 
Zero Gate Voltage Collector Current loes To = +25°C 
Voce = 0.8 BVces Te +125°C 


VcE(SAT) lo = lego To = +25°C 
Vee = 15V To = +125°C 
lo = logo» Te = +25°C 


Vee = 10V To = +125°C 


Gate-Emitter Threshold Voltage Weee Vee: To = +25°C 
Ig = 1mA 


Gate-Emitter Leakage Current | Veg = t20V 


< 


3 


>| > 


4 


© 


Collector-Emitter Saturation Voltage 


+500 nA 


oa 


Gate-Emitter Plateau Voltage lo = logo, Veg = 0-5 BVcEs 7. 


On-State Gate Charge Qgon) lo = logo» Voce = 15V 


i) 
> 
o) 
| 

QO 


24 
100 


oO 


Current Turn-On Delay Time L = 50H, Io = logo, Rg = 252, 
= = 1°) 
Current Rise Time Ves aeeu es C, 


N 
(oP) 
oS 


Nad 
bp 


990 
750 


| 
| 

j 
| | 


100 


— a 0, 
Current Rise Time = eee = C, 
Current Turn-Off Delay Time 


i 
Current Fall Time 
Turn-Off Energy (Note 1) 


NOTE: 1. Turn-off Energy Loss (Wo¢r) is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and 
ending at the point where the collector current equals zero (Ice = OA) The HGTG20N100D2 was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. | 


foe) 
B.S 


fe} 
= 


Typical Performance Curves 


PULSE DURATION = 250ys 


100 DUTY CYCLE < 0.5%, To = +25°C 


90 
80 
70 
60 
50 


PULSE DURATION = 250ys | | 100 
DUTY CYCLE < 0.5%, Vog = 10V 


/ 


40 
30 


Ice, COLLECTOR-EMITTER CURRENT (A) 
Iog, COLLECTOR-EMITTER CURRENT (A) 
wt 
°o 


10 
0 
; : 0 aaa 
Vge, GATE-TO-EMITTER VOLTAGE (V ; 2 4 6 8 10 
nae pi Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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HGTG30N120D2 


Typical Performance Curves (Continued) 


Vgg =10V AND 15V, Ty = +150°C, 
Rg = 250, L = 50uH 


Ice, DC COLLECTOR CURRENT (A) 
te}, FALL TIME (us) 


+25 +50 +75 +100 +125 +150 
Tc, CASE TEMPERATURE (°C) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 
10000 


8000 


” 
- 
ma 
9 


oH 
oS 
i=] 
o 


4000 H 


C, CAPACITANCE (pF) 


\\ | 
LNW cotzcronctren voce ff] 
TINE LE LLIN 


Iq(RE IG(RE 
20 —GIREF) TIME (ys) 80 aie 
G(ACT) 


2000 


Vce, GATE-EMITTER VOLTAGE (V) 


i=] 


0 5 10 15 20 25 
Voge, COLLECTOR-TO-EMITTER VOLTAGE (V) ner) 


FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 
STANT GATE CURRENT (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 


Vce = 960V, VgeE=10V,15V _, 
—— =n EES 
|.) ae-auetl 


\ 


Worr, TURN-OFF SWITCHING LOSS (mJ) 


el 
Pol 
Gees 
ee 
Lec 
—e 
ee ER 
nee 
a 
ee a 
ae ee 
aoe 
— 
oe 
-"_as 
| 
a 


VcE(ON)s SATURATION VOLTAGE (V) 


x 
iN 


ice, COLLECTOR-EMITTER CURRENT (A) ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE7. SATURATION VOLTAGE vs COLLECTOR-EMITTER FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
CURRENT EMITTER CURRENT 
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HGTG30N120D2 


Typical Performance Curves (Continuea) 


NOTE: 
VoeE = 15V, Rg = 502 Pp = ALLOWABLE DISSIPATION Pc = CONDUCTION DISSIPATION 


Voce = 15V, Rg = 250 


faxa2 = (Pp - Pc/Worr 
Po = DUTY FACTOR = 50% 
10 kK Rojc = 0.5°C/W 


to(orris TURN-OFF DELAY (1s) 
fop, OPERATING FREQUENCY (KHz) 


Ice, COLLECTOR-EMITTER CURRENT (A) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 9. TURN-OFF DELAY vs COLLECTOR-EMITTER FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
CURRENT EMITTER CURRENT AND VOLTAGE 


. 100 


< 

7] 

m 
r 
wt 
° 
< 


10 


Ice, COLLECTOR-EMITTER CURRENT (A) 


0 1 2 3 4 5 6 7 8 
VcE(ony SATURATION VOLTAGE (V) 
FIGURE 11. COLLECTOR-EMITTER SATURATION VOLTAGE 


Test Circuit 


FIGURE 12. INDUCTIVE SWITCHING TEST CIRCUIT 
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HGTG30N120D2 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Ice) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fax, or 
fyaxg Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fuax1 iS defined by fax; = 0.05Ap OFF). tojorr deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are possible. 
tpiorF) is defined as the time between the 90% point of the 
trailing edge of the input pulse and the point where the 
collector current falls to 90% of its maximum value. Device 


turn-off delay can establish an additional frequency limiting 
condition for an application other than Tyyax- torr) js 
important when controlling output ripple under a lightly loaded 
condition. 


fuaxe is defined by fuaxe = (Pp - Pc)/Worr The allowable 
dissipation (Pp) is defined by Pp = (Tyyax - Tc)/Rejc. The sum 
of device switching and conduction losses must not exceed Pp. 
A 50% duty factor was used (Figure 10) and the conduction 
losses (Pc) are approximated by Po = (Vc ® Ice V2. Woer is 
defined as the integral of the instantaneous power loss starting 
at the trailing edge of the input pulse and ending at the point 
where the collector current equals zero (Io¢g = OA). 


The switching power loss (Figure 10) is defined as faye © Wore 
Turn-on switching losses are not included because they can be 
greatly influenced by external circuit conditions and components. 
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IGBTs 


FARRIS 


SEMICONDUCTOR 


HG TA32N60E2 


December 1993 32A, 600V N-Channel IGBT 
Features Package 
¢ 32 Amp, 600 Voit JEDEC MO-093AA (5 LEAD TO-218) 
e Latch Free Operation Pp VIEW 
e Typical Fall Time 620ns COLLECTOR 


5 EMITTER 

4 EMITTER KELVIN 
3 COLLECTOR 

2 NO CONNECTION 
1 GATE 


¢ High Input Impedance (FLANGE) 


e Low Conduction Loss er LL ) 


Description 


The IGBT is a MOS gated high voltage switching device 
combining the best features of MOSFETs and bipolar 
transistors. The device has the high input impedance of a 
MOSFET and the low on-state conduction loss of a bipolar 
transistor. The much lower on-state voltage drop varies only 
moderately between +25°C and +150°C. 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Cc 
IGBTs are ideal for many high voltage switching applications 
operating at frequencies where low conduction losses are 
essential, such as: AC and DC motor controls, power | 
supplies and drivers for solenoids, relays and contactors. aes 
This type is supplied in the JEDEC MO-093AA (5 lead TO-218) KELVIN 
package. og 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
HGTA32N60E2 UNITS 

CollectorEmitter Voltage <iis'hcce ee caine esa wediuinnea deme wd white qncesae BVces 600 V 
Collector-Gate Voltage Reg = 1IMQ ... wc eee cee eee teens Voar 600 V 
Collector Current Continuous at To = +25°C 2... cee ce ee eee eee tence eee loos 50 A 

at Vgg = 15V at To = +90°C 0. cece eee eee eee logo 32 A 
Collector Current Pulsed (Note 1) 2.2... . cece ccc ee eee ee cece eee een eees lom 200 A 
Gate-Emitter Voltage Continuous. .... 2... . ccc ccc ete rece re eee e ee enes Voes +20 Vv 
Gate-Emitter Vollage Pulsed viaics cociewa senna tit les ce eNaee sate eee ee ee Voem +30 V 
Switching Sage Operating Area T) = +150°C 0.0... . eect cette eens SSOA 200A at 0.8 BVces - 
Power Dissipation Total at To = +25°C 2... cece cece cee teen een eenee Pp 208 Ww 
Power Dissipation Derating To > 425°C... cc cee eect ence nent cent eeeeees 1.67 WPC 
Operating and Storage Junction Temperature Range... ......... cece eee eee Ty, Tstg -55 to +150 °C 
Maximum Lead Temperature for Soldering ........... ccc eee cece e cee e eee ee ees in 260 °C 
Short Circuit Withstand Time (Note 2) at Vgg = 15V 2... cc cece eee ee eee nee tse 3 ys 

at Voce SOW ob cie Sd rats asl ierate So cheers waeners tsc 15 HS 

NOTES: 


1. Repetitive Rating: Pulse width limited by maximum junctions temperature. 
2. VCE(PEAK) = 360V, Te = +1 25°C, Roe = 25. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 2833.2 


Specifications HGTA32N60E2 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS 


Collector-Emitter Breakdown Voltage Io = 250A, Vee = OV 
Collector-Emitter Leakage Current To = +25°C 
Vee = 0.8 BV ces Teo = +125°C 


— 


Te = +125°C 


Gate-Emitter Threshold Voltage VeetH) | Ico = 1.0mA, Te = +25°C 
Voce = Vae 


Gate-Emitter Leakage Current | lees Vae = +20V 


Gate-Emitter Plateau Voltage lo = logo, Voge = 0.5 BV ces 


Ic = \coo, 
Vee = 0.5 BVces 


Current Turn-On Delay Time L = 500uH, Io = lego, Ra = 2522, 
Vee = 15V, Ty = +1 25°C, 

Current Rise Time Vce = 0.8 BV ces 

Current Turn-Off Delay Time tororFy 

Current Fall Time | te | 

Turn-Off Energy (Note 1) | Wore 


NOTE: 


1. Turn-off Energy Loss (Woe) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Ice = 0A) The HGTA32N60E2 was tested per JEDEC standard No. 24-1 Method 
for Measurement of Power Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 


UNITS 


Collector-Emitter Saturation Voltage 
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On-State Gate Charge 


> 
QO 


S 
= 


© 
=) H 


Typical Performance Curves 
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Ice, COLLECTOR-EMITTER CURRENT (A) 
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: 0 2 4 6 8 10 
Vag, GATE-TO-EMITTER VOLTAGE (V) Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 


3-57 


” 
aa 
a 
2 


HGTA32N60E2 


Typical Performance Curves (Continued) 
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FIGURE 3. MAXIMUM DC COLLECTOR CURRENT vs CASE 
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FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE 
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FIGURE 7. SATURATION VOLTAGE vs COLLECTOR-EMITTER 


CURRENT 
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Vce, COLLECTOR-EMITTER VOLTAGE (V) 


Voge = 10V AND 15V 
Ty = +150°C, Rg = 250 
L = 50uH 


tr, FALL TIME (us) 


100 
Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 
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FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 
STANT GATE CURRENT (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 
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FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
EMITTER CURRENT 
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Typical Performance Curves (Continued) 


Ty = +150°C 
Vce = 480V 
L=50pyH 
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FIGURE 9. TURN-OFF DELAY vs COLLECTOR-EMITTER 
CURRENT 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Ice) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fay, or 
faax2 Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


{Max is defined by fMaxt = 0.05/tpoF F)I- to(oFF)! deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are 
possible. tporry is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


NOTE: 
Pp = ALLOWABLE DISSIPATION Po = CONDUCTION DISSIPATION 
100 


tmaxt = 0.05/4Q(OFF)I 
fMaxe = (Pp - Pc)/Worr 
10 FE Po = DUTY FACTOR = 50% 


Rejc = 0.5°C/W 


fop, OPERATING FREQUENCY (KHz) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
EMITTER CURRENT AND VOLTAGE 


frequency limiting condition for an application other than 
Tymax: to(orry: IS important when controlling output ripple 
under a lightly loaded condition. 


fuaxe is defined by fyaxe = (Pp - Pc)/Woer The allowable dis- 
sipation (Pp) is defined by Pp = (Tmax - Tc)/Rejc- The sum of 
device switching and conduction losses must not exceed Pp. 
A 50% duty factor was used (Figure 10) so that the conduction 
losses (Pc) can be approximated by Pc = (Vee X Iog)/2. Wore 
is defined as the sum of the instantaneous power loss starting 
at the trailing edge of the input pulse and ending at the point 
where the collector current equals zero (Icg - OA). 


The switching power loss (Figure 10) is defined as fyax; x 
Wore -. Turn on switching losses are not included because 
they can be greatly influenced by external circuit conditions 
and components. 
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SEMICONDUCTOR 


HGTG32N60E2 


December 1993 32A, 600V N-Channel IGBT 
Features Package 
¢ 32 Amp, 600 Volt JEDEC STYLE TO-247 
e Latch Free Operation TOP VIEW 
¢ Typical Fall Time - 600ns 
e COLLECTOR 
High Input Impedance Soucume 
¢ Low Conduction Loss METAL) 


Description 


The IGBT is a MOS gated high voltage switching device 
combining the best features of MOSFETs and bipolar 
transistors. The device has the high input impedance of a 
MOSFET and the low on-state conduction loss of a bipolar 
transistor. The much lower on-state voltage drop varies only 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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moderately between +25°C and +150°C. 9 
IGBTs are ideal for many high voltage switching applications 
operating at frequencies where low conduction losses are a 
essential, such as: AC and DC motor controls, power 
supplies and drivers for solenoids, relays and contactors. 
This device incorporates generation two design techniques E 
which yield improved peak current capability and larger short 
circuit withstand capability than previous designs. 
This type is supplied in the JEDEC style TO-247 package. 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
HGTG32N60E2 UNITS 

Collector-Emilter Voltages i.ié0s:.ivicse ss os Gos ca Sele ¥ewsanseesee oe eees BV ces 600 V 
Collector-Gate Voltage Reg = 1MQ 2... cece cee ence een een eeees Vocr 600 V 
Collector Current Continuous at To = +25°C 0... eee cece cece cece enone loos 50 A 
Ql Vee ASV, at T 6 S490 08 nc tdaewtnicssues youd Sean le saweeweckes loso 32 A 
Collector Current Pulsed (Note 1) 20.2... ce ccc cc ce cece cree eee cueeenes lom 200 A 
Gate-Emitter Voltage Continuous. ........... 0... cece eee eee etn neces Voes +20 V 
Gate-Emitter Voltage Pulsed .. 0.0... . ccc cece cece eee cece eee eetenes Voem +30 V 
Switching Safe Operating Area at T; = +150°C .. 0... ccc cc cc eee eee SSOA 200A at 0.8 BVces - 
Power Dissipation Total at To = 425°C 20... cece cc ec eee cence tee e ences Pp 208 Ww 
Power Dissipation Derating Tg > +25°C. 0... cece cece cece eee eeeenees 1.67 WPC 
Operating and Storage Junction Temperature Range ...............ee eee Ty, Tste -55 to +150 °C 
Maximum Lead Temperature for Soldering ............. ccc cece cece ce eeeees TL 260 °C 
Short Circuit Withstand Time (Note 2)at Vag = 15V. 1... cc cee cece eee eee tsc 3 ps 

at Voce CLO esc Aiaaunes visas ene ieee us tsc 15 HS 
NOTES: 

1. Repetitive Rating: Pulse width limited by maximum junction temperature. 
2. VcE(PEAK) = 360V, Te = +1 25°C, Ree = 250. 

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


Specifications HGTG32N60E2 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 
LIMITS 


PARAMETERS SYMBOL TEST CONDITIONS | min | typ | MAX | UNITS 


Collector-Emitter Breakdown Voltage Ico = 250pA, Veg = OV } 00 | - | - [| v | 


Gate-Emitter Threshold Voltage VGeE(Th) lo = 1mA, To = +25°C 3.0 4.5 V 
Voce = Vae 


Gate-Emitter Leakage Current | toes | Vee = t20V 
Gate-Emitter Plateau Voltage lo = lego, Veg = 0.5 BVces ieee 


On-State Gate Charge Qgeon) lc = lego: | 200 | 
Voce = 0.5 BV ces 


Collector-Emitter Saturation Voltage 


Current Turn-On Delay Time L = 500pH, Ie = lego, Re = 25Q, 
Vee = 15V, Ty = +125°C, 

Current Rise Time pt Voge = 0.8 BVces 

Current Turn-Off Delay Time 

Current Fall Time 

Turn-Off Energy (Note 1) 


NOTE: 


1. Turn-off Energy Loss (Wo,¢r) is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and 
ending at the point where the collector current equals zero (Icg¢ = 0A) The HGTG32N60E2 was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 
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Typical Performance Curves 


PULSE DURATION = 250s DUTY CYCLE < 0.5%, To = +25°C 
PULSE DURATION = 250s 100 
DUTY CYCLE < 0.5%, Veg = 15V 90 
80 
70 
60 
50 
40 


log, COLLECTOR-EMITTER CURRENT (A) 
Ice, COLLECTOR-EMITTER CURRENT (A) 


0 2 4 6 8 10 0 2 4 6 8 10 
Voge, GATE-TO-EMITTER VOLTAGE (V) Voge, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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Typical Performance Curves (Continued) 
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FIGURE 3. MAXIMUM DC COLLECTOR CURRENT vs CASE 
TEMPERATURE 
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FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE 
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FIGURE7. SATURATION VOLTAGE vs COLLECTOR-EMITTER 
CURRENT 
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Vce, COLLECTOR-EMITTER VOLTAGE (V) 


te}, FALL TIME (us) 


Voge = 10V AND 15V 
Ty = +150°C, Rg = 250 


Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 
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FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 
STANT GATE CURRENT. (REFER TO APPLICATION 
NOTES AN7254 AND AN7260). 
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FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
EMITTER CURRENT 


< 
) 
mi 
al 
iw) 
& 
So 
< 
< 
7) 
m 
Ht 
= 
oO 
= 
uo 
< 


e 
= 
7 


N 
ti 
RE 
a 


Worr, TURN-OFF SWITCHING LOSS (mJ) 


SF 


7 


\ 


0.1 
100 


HGTG32N60E2 


Typical Performance Curves (Continued) 


tpcorry» TURN-OFF DELAY (ys) 


Ty = +150°C 
Voce = 480V 
L = 50uH 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 9. TURN-OFF DELAY vs COLLECTOR-EMITTER 
CURRENT 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Icg) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fray; or 
fwaxe whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fMAX4 is defined by fMaxt = 0.05/to(oFF):: to(OFF)I deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are 
possible. tpiorry is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


Pp = ALLOWABLE DISSIPATION Po = CONDUCTION DISSIPATION 


Saas Se SA BN A OS =O, "SR 


fwax1 = 0.05/to(oF Fy 
fmax2 = (Pp - Pc)Worr 
Po = DUTY FACTOR = 50% 
Rojc = 0.5°C/W 
10 


fop, OPERATING FREQUENCY (KHz) 


Ty = +1 50°C, VcE = 15V 
Rg = 259, L = 50nH 


1 10 100 
Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
EMITTER CURRENT AND VOLTAGE 


frequency limiting condition for an application other than 
Tymax: torr) iS important when controlling output ripple 
under a lightly loaded condition. 


fuaxe is defined by fyaxe = (Pp - Pc)/Worr The allowable dis- 
sipation (Pp) is defined by Pp = (Tymax - Tc)/Reyc. The sum of 
device switching and conduction losses must not exceed Pp. 
A 50% duty factor was used (Figure 10) so that the conduction 
losses (Pc) can be approximated by Pg = (Vee X Iog)/2. Wore 
is defined as the sum of the instantaneous power loss starting 
at the trailing edge of the input pulse and ending at the point 
where the collector current equals zero (Icg¢ - OA). 


The switching power loss (Figure 10) is defined as fyax; X 
Wore . Turn on switching losses are not included because 
they can be greatly influenced by external circuit conditions 
and components. 
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IGBTs 


FARRIS 


SEMICONDUCTOR 


aD HGTG34N100E2 


December 1993 34A, 1000V N-Channel IGBT 
Features Package 
¢ 34 Amp 1000 Voit JEDEC STYLE TO-247 
TOP VIEW 
e Latch Free Operation 
¢ Typical Fall Time - 710ns 
BOTTOM SIDE 
¢ High Input impedance ( METAL) | 


e Low Conduction Loss 


Description 


The HGTG34N100E2* is a MOS gated high voltage 
switching device combining the best features of MOSFETs 
and bipolar transistors. The device has the high input imped- 
ance of a MOSFET and the low on-state conduction loss of a 
bipolar transistor. The much lower on-state voltage drop 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


varies only moderately between +25°C and +150°C. 4 
The IGBTs are ideal for many high voltage switching 
applications operating at moderate frequencies where low 
conduction losses are essential, such as: AC and DC motor G 
controls, power supplies and drivers for solenoids, relays 
and contactors. : 
“Formerly Developmental Type TA9895 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
HGTG34N100E2 UNITS 

Collector-Emitter Voltage... 2... cc cece cee eee e cece ence renee eees BV ces 1000 V 
Collector-Gate Voltage, Reg =1MQ 2... ce ccc ce eee reece ee eee enes Vocr ~ 1000 V 
Collector Current Continuous at Tg = +25°C 2... ccc ce cee cece eens loos 55 A 

at Voce =15V, at Te SAGO saciid dass <a aerate hovestes lose 34 A 
Collector Current Pulsed (Note 1)... 0... ccc cece ce eee cece tent ee ee cena low 200 A 
Gate-Emitter Voltage Continuous. ........ 0... ccc cece cece eee e ee eneee Voces +20 V 
Gate-Emitter Voltage Pulsed .... 00... . ccc ccc ccc ce eee eee eee ceees Voem +30 V 
Switching Safe Operating Area at T)=+150°C .... 2... ccc cece eee ees SSOA 200A at 0.8 BVcEes - 
Power Dissipation Total at To = +25°C 2... cece cc cece eee tee eeeeeeees Pp 208 Ww 
Power Dissipation Derating To > +25°C. ke ccc cc eee eee cee e eee eeeeaees 1.67 wc 
Operating and Storage Junction Temperature Range .................002- Ty, Tste -55 to +150 °C 
Maximum Lead Temperature for Soldering ......... 0. cece cece cee enc eeeceees T. 260 °C 
Short Circuit Withstand Time (Note 2) at Vgg =15V «0... ce cece eee eee eens tsc 3 LS 

at Voe=1 OV 6 citduins Hun atecduus bes oe wates tsc 10 pS 

NOTE: 


1. Repetitive Rating: Pulse width limited by maximum junction temperature. 
2. VcE(PEAK) = 600V, Te = +125°C, Roe = 250. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 
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Specifications HGTG34N100E2 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS 


Collector-Emitter Breakdown Voltage Io = 250A, Veg = OV 
Collector-Emitter Leakage Voltage To = +25°C 
Te = +25°C 


Vce(san 
To = +125°C 


Gate-Emitter Threshold Voltage | Veen Io = ImA, To = +25°C 
Vce = Vee 

Gate-Emitter Leakage Current 

Gate-Emitter Plateau Voltage 


On-State Gate Charge 


Current Turn-On Delay Time L = 50pH, Ic = Iego, Rg = 25Q, 
Vee = 15V, Ty = +125°C, 

Current Turn-Off Delay Time 

Current Fall Time 

Turn-Off Energy (Note 1) 

Current Turn-On Delay Time | toyonn | L = 50nH, Io = lego, Re = 25Q, 
Voce = 10V, Ty = +1 25°C, 

Current Rise Time 

Current Turn-Off 

Current Fall Time 

Turn-Off Energy (Note 1) | Wore | 

Thermal Resistance 


NOTE: 1. Turn-off Energy Loss (Wo¢r) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Icg = 0A) The HGTG34N100E2 was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. 
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HGTG34N100E2 


Typical Performance Curves 
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FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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Voge = 10V AND 15V, Ty = +150°C, 
Re = 259, L = 50nH 
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FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 
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FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 
STANT GATE CURRENT (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 
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Typical Performance Curves (Continued) 
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FIGURE 11. COLLECTOR-EMITTER SATURATION VOLTAGE 
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HGTG34N100E2 


Test Circuit 


1/Rg = 1/Roen + Roe 
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FIGURE 12. INDUCTION SWITCHING TEST CIRCUIT 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Ig) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fray, Or 
fwax2 Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fax; is defined by fuax, = 0.05/tp(oFFyI- tororry Geadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are possible. 
tpiorry is defined as the time between the 90% point of the 
trailing edge of the input pulse and the point where the 
collector current falls to 90% of its maximum value. Device 


turn-off delay can establish an additional frequency limiting 
condition for an application other than Tyyax- tporry is 
important when controlling output ripple under a lightly loaded 
condition. 


fuaxe iS defined by fyaxo = (Pp - Pc)/Woer The allowable 
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Rejc. The sum 
of device switching and conduction losses must not exceed Pp. 
A 50% duty factor was used (Figure 10) and the conduction 
losses (Pc) are approximated by Po = (Vcr @ Iog)/2. Wore is 
defined as the integral of the instantaneous power loss starting 
at the trailing edge of the input pulse and ending at the point 
where the collector current equals zero (Ic¢ = OA). 


The switching power loss (Figure 10) is defined as fyyaxe ¢ Worr 
Turn-on switching losses are not included because they can be 
greatly influenced by external circuit conditions and components. 
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2N6975, 2N6976 
2N6977, 2N6978 


FARRIS 


SEMICONDUCTOR 


December 1993 5A, 400V and 500V N-Channel IGBTs 
Features Package 
e 5A, 400V and 500V JEDEC TO-204AA 
BOTTOM VIEW 
* VcE(on) 2V 
ee aes Since y SOLLECTOR 
¢ Low On-State Voltage (FLANGE) 
¢ Fast Switching Speeds O . O 
¢ High Input impedance GATE 
Applications 
¢ Power Supplies 
¢ Motor Drives Terminal Diagram 


e Protection Circuits N-CHANNEL ENHANCEMENT MODE 


Description . 


The 2N6975, 2N6976, 2N6977 and the 2N6978 are n-channel 

enhancement-mode insulated gate bipolar transistors (IGBTs) 

designed for high-voltage, low on-dissipation applications such as G 
switching regulators and motor drivers. These types can be oper- 

ated directly from low-power integrated circuits. 


” 
- 
a 
g 


E 
These types are supplied in the JEDEC TO-204AA steel package. 
Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified. 
2N6975/2N6977 2N6976/2N6978 

(Note 1) (Note 1) UNITS 
Collector-Emitter Vollage coisa akalewr deat seach Gewtiuleade deus wea Voces 400 500 V 
Collector-Gate Voltage (Reg = 1 MQ) ...... ccc ccc ccc ce cece ee neee Vocr 400 500 
Reverse Collector-Emitter Voltage... 6... cece cee ee ee eens VoEs(rev.) 5 5 V 
Gato-Emilter Voltage iss sicni eke hase eee ce wtew eee ede se esas twee ees Voce +20 +20 V 
Collector Current Continuous... 0.0... ccc eee cece eect eect eneees lo 5 5 A 
Collector Current Pulsed oc cies cece nsec ede bs tee dain ceca wes eae e's lom 10 10 A 
Power Dissipation Total at To = 425°C 2... ck eee cece cence eee eeeeees Pp 100 100 Ww 
Power Dissipation Derating T> > +25°C 0.8 0.8 WPC 
Operating and Storage Junction Temperature Range .................. Tj, Tstg 55 to +150 -55 to +150 °C 
NOTE: 


1. JEDEC registered value. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright € Harris Corporation 1993 


File Number 2297.4 


Specifications 2N6975, 2N6976, 2N6977, 2N6978 


Electrical Specifications _T, = +25°C, Unless Otherwise Specified 


LIMITS 


2N6975/2N6977 2N6976/2N6978 


PARAMETERS SYMBOL 


TEST CONDITIONS 


UNITS 


Collector-Emitter BV ces lo = 1MA, Veg = 0 400 500 
Breakdown Voltage (Note 1) (Note 1) 
4.5 2 V 


Gate Threshold Voltage Vae(TH) Vor = Vee; Io = 1mMA 2 
(Note 1) 


Vee = 400V 


(Note 1) (Note 1) (Note 1) 


Zero Gate Voltage Collector 
Current 


250 
(Note 1) 


Ices 


250 
(Note 1) 


Vor = 500V yA 


Te = +125°C 


> 


Vog = 400V 1000 


(Note 1) 


aS 
on 
> 


Vog = 500V 1000 yA 


(Note 1) 


Gate-Emitter Leakage Current Voge = t20V, Vog = OV 100 100 

(Note 1) (Note 1) 
Reverse Collector-Emitter lecs Ree = 0, Vec = 5V 5 5 mA 
Leakage Current (Note 1) (Note 1) 
Collector-Emitter On Voltage VcE(ON) Io = 5A, Vee = 10V 2 V 


(Note 1) (Note 1) 


lo = 10A, Voce = 20V 


NO 
eff 
—_ 

NO 


a ed 
oo oa) 


lo = 5A, Vog = 10V 3.4 6.8 3.4 


Gate-Emitter Plateau Voltage Voep 
(Note 1) (Note 1) (Note 1) (Note 1) 
On-State Gate Charge Qeon) Io = 5A, Veg = 10V 12 25 25 
(Note 1) | (Note 1) (Note 1) (Note 1) 


Turn-On Delay Time to(on) Ic = 5A 


Vce(cLp) = S00V 
Ty = +125°C 

Tur-Off Delay Time toon) | Veg = 10V 400 Max 
Reg = 50Q (Note 1) 


2N6975 1000 Max 
2N6976 ; (Note 1) 


2N6977 500 Max 
2N6978 (Note 1) 


Fall Time te; 


Turn-Off Worr lo =5A 2N6975 1000 Max 

Energy Loss per Cycle Vce(cLp) = 300V 2N6976 (Note 1) 

(Off Switching Dissipation= L = 50uH 

Woer X Frequency) Ty = +125°C 2N6977 500 Max 

Vee = 10V 2N6978 (Note 1) 
, Re = 50Q 

Thermal Resistance Reic 1.25 °C/W 
Junction-to-Case (Note 1) 


NOTE: 
1. JEDEC registered value. 
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2N6975, 2N6976, 2N6977, 2N6978 


Typical Performance Curves 


NORMALIZED GATE THRESHOLD 


+50 +100 +150 
Tc, JUNCTION TEMPERATURE (°C) 


FIGURE 1. TYPICAL NORMALIZED GATE THRESHOLD VOLTAGE 
AS A FUNCTION OF JUNCTION TEMPERATURE FOR 
ALL TYPES 


PULSE TEST, Vog = 10V 
PULSE DURATION = 80us 
DUTY CYCLE = 0.5% MAX 


Icg, COLLECTOR CURRENT (A) 


0 2.5 5.0 7.5 
Vcge, GATE-TO-EMITTER VOLTAGE (V) 


FIGURE 3. TYPICAL TRANSFER CHARACTERISTICS FOR ALL 
TYPES 


10 


PULSE TEST 
PULSE DURATION = 80ns 
DUTY CYCLE = .5% MAX 


Ice, COLLECTOR CURRENT (A) 


0.5 
Vce, COLLECTOR-TO-EMITTER ON VOLTAGE (V) 
FIGURE 5. TYPICAL COLLECTOR-TO-EMITTER ON-VOLTAGE 


AS A FUNCTION OF COLLECTOR CURRENT FOR 
ALL TYPES 


1.0 1.5 2.0 2.5 3.0 
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ZO c(t) = r(t)ROjc 
D CURVES APPLY FOR POWER PULSE 
TRAIN SHOWN READ TIME AT t1 


Ty(PEAK) - Tc = P(peaKy)Z9uctt) 


EFFECTIVE TRANSIENT THERMAL 
IMPEDANCE (NORMALIZED) 


1.0 10 
t, TIME (ms) 


FIGURE 2. NORMALIZED THERMAL RESPONSE 
CHARACTERISTICS FOR ALL TYPES 


VgE = +10V 
a 5 
Voe = +8V 
1 ’ 


IGBTs 


Voce =+/V 


icog, COLLECTOR CURRENT (A) 


2 3 4 
Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 4. TYPICAL SATURATION CHARACTERISTICS FOR 
ALL TYPES 


1200 


C, CAPACITANCE (pF) 


Voge, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 6. CAPACITANCE AS A FUNCTION OF COLLECTOR- 
TO-EMITTER VOLTAGE FOR ALL TYPES 


2N6975, 2N6976, 2N6977, 2N6978 


Typical Performance Curves (continued) 


TERE werleven = 


140 


190 \ ‘A. fuaxi = 0-05AporF) 
= 
fyaxe = (Pp - Pc/Woer 


8 


Voge = 10V 
Rg 2 5002 

Ry 2 300/ceQ 
L = 50ynH 

40 F Voc = 300V 


Ty = +150°C 


fop, MAXIMUM OPERATING FREQUENCY (KHz) 
8 $ 


ab 


2 3 4 5&5 6 7 8 9 410 
log, COLLECTOR CURRENT (A) 
FIGURE 7. TYPICAL INDUCTIVE SWITCHING WAVEFORMS _P,: ALLOWABLE DISSIPATION 
Po: CONDUCTION DISSIPATION 


FIGURE 8. MAXIMUM OPERATING FREQUENCY vs 
COLLECTOR CURRENT (TYPICAL) 


= 
wi 
2 : 
3 2 
S 5 
fem oO 
ui > 
E fi 
: : 
o = 
: : 
O ke 
= 3 
8 8 
3 
> 
Iq (REF) Ig (REF) 
0T(AcT) TIME (18s) 807 AGT 


FIGURE 9. NORMALIZED SWITCHING WAVEFORMS AT CONSTANT GATE CURRENT 
(REFER TO APPLICATION NOTES AN7254 AND AN7260) 


BAsswewaeessaseg 


FIGURE 10. INDUCTIVE SWITCHING TEST CIRCUIT 
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HGTB12N60D1C 


12A, 600V Current Sensing N-Channel IGBT 


Features Package 
e 12A, 600V JEDEC TS-001AA (5 LEAD TO-220) 
e TDS(ON) Seid Veswe te: wala re flecG tees (ele fed bier eieia aie: eee cove ere lee: oteve: exe 0.27V TOP VIEW 
e Low VCE(SAT) OL 2OA 6 oso cer ee Ve eee wae OG 2.5V (Typ) —— : 
e Ultra-Fast Turn-On pee vmeneeeeaeeseee seas e wee wae 100ns (Typ) COFLANGE)" Se eee a 
¢ Polysilicon MOS Gate - Voltage Controlled Turn On/Off _— 
e High Current Handling at +100°C............... 02 ee eee 10A —— 
¢ Current Sensing Pilot 
aT 1 -Gate 
Description ee 
The HGTB12N60D1C Insulated-Gate Bipolar Transistor is a MOS-gate 3 -Collector — 
turn on/off power switching device combining the best advantages of 4 ee Emitter 
power MOSFETs and bipolar transistors, and current sensing pilots. emia 
The result is a device that has the high input impedance of MOSFETs 
and the low on-state conduction losses similar to bipolar transistors. T, ‘nal Di 
The device design and gate characteristics of the IGBT are also similar | /€/MINal Diagram 


to power MOSFETs. An important difference is the equivalent rpgion) 
drain resistance which is modulated to a low value (ten times lower) 
when the gate is turned on. The much lower on-state voltage drop also Cc 
varies only moderately between +25°C and +150°C, offering extended 

power handling capability. 


N-CHANNEL ENHANCEMENT MODE 


2] 
~ 
a 
9 


The IGBT is ideal for many high-voltage switching applications G 
operating at low frequencies and where low conduction losses are E 
essential, such as AC and DC motor controls, power supplies and 
drivers for solenoids, relays and contactors. S Ex 
The HGTB12N60D1C is supplied in a JEDEC TS-001AA (5 lead TO- 
220) package. 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
HGTB12N60D1C UNITS 

Collector-Emitter Voltage (Vag = OV)... ccc ccc cece cece teen e tence eee eaee Voces 600 V 
Collector-Gate Voltage (Reg = 1MQ)..... cece ce cee eee ee eee ees Vocr 600 V 
Collector Current Continuous at Tp = +100°C 2... cee ee eee eee lo 12 A 

at Te SBC sa ae Senin ns Bae Re te eee oe alee ke peas lo 18 A 
Collector Current Pulsed (Note 1) 20... cece cece cece eee teen eee e teen nees lom 40 A 
Gale-EMmitler Vosges :sisoen eee wad iee neon ee whee aways aka edae yeas eeee es Voce +25 V 
Power Dissipation Total at To = +25°C 2... ccc ccc eect ee teen ee teen eees Pp 75 Ww 
Power Dissipation Derating To > +25°C. 0... cece cece eee ence tee eeeneeeees 0.6 W/C 
Operating and Storage Junction Temperature Range ............. cece eee eeee Ty, Tstg -55 to +150 °C 
Thermal Resistance, Junction to CaSe.. 1... ccc ccc cece ee eee eaten ce eeeeens Rec 1.67 °C/W 
Maximum Lead Temperature for Soldering .......... ce cece ee cece ee eee tence neees TL 260 °C 


(1/8 inch from case for 5 seconds) 
NOTE: 1. Repetitive Rating: Pulse width limited by maximum junction temperature. Gate control turn-off not allowed above 50A. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |I.C. Handling Procedures. 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 


4,969,027 


Copyright © Harris Corporation 1993 
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File Number 2326.2 


Specifications HGTB12N60D1C 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 


PARAMETERS _ SYMBOL TEST CONDITIONS | min. | TYP | MAX UNITS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage lo = 25pA, Vee = OV } eo | - | - | v | 


Collector Cut-Off Current logs To = +25°C, Veg = OV, pA 
Voge = Maximum Rating 
To = +150°C, Vee = OV, mA 
Voge = Maximum Rating x 0.8 (Note 1) 


Gate-Emitter Leakage Current | toes | Vee = t20V nA 


ON CHARACTERISTICS (Note 2) 


Voe = OV, Vog = 25V, f = 1MHz 


Gate Threshold Voltage VGE(TH) 


Collector-Emitter Saturation Voltage 


ch 
S 


N 
“I 


DYNAMIC CHARACTERISTICS 


Input Capacitance 


no] 
Th 


Cres 


Output Capacitance Cogs 


oO 


Coit 


Reverse Transfer Capacitance Cres 


SWITCHING CHARACTERISTICS (See Figures 8 and 9) (Note 2) 


Turn-On Delay Time Resistive Load, T, = +125°C, 
Io = 10A, Vog = 500V, Vg = 15V, 


Reon) = 50Q, Raeorr) = 1002 


toron) 


Rise Time 


> 


Turn-Off Delay Time to(oFF) 


Fall Time 


Turn-Off Delay Time Inductive Load, T, = +125°C, 
L= 45uH, Io = 10A, VcE(CLAMP) = 500V, 
Voce = 15V, Reon) = 50Q, 


to(OFF)I 
Fall Time 


Equivalent Fall Time te(EQ) 


Turn-Off Switching Losses Worr 


PILOT CHARACTERISTICS (Notes 2, 3 and 4) 


Pilot-Emitter Kelvin Voltage 


Veeck | Vag = 15Vpe, Rp = 2kQ 


Ic =5A 


1.67 


NOTES: 
1. Applies for 3.3°C per watt maximum thermal resistance, case-to-ambient. 
2. Pulse test: Pulse widths s 300s, duty cycle < 2%. 
3. Refer to Figure 10. 
4. When Not in Use Connect S to Emitter. 
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HGTB12N60D1C 


Typical Performance Curves 


Tc 
MAX. DUTY CYC 


MAX. PULSE WIDTH = 200ys 


Icg, COLLECTOR CURRENT (A) 


2 4 10 
Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 


Tc, MAXIMUM ALLOWABLE (°C) 


ice, DC COLLECTOR CURRENT (A) 


FIGURE 3. MAXIMUM ALLOWABLE CASE TEMPERATURE vs 
DC COLLECTOR CURRENT 


Vpe, PILOT - EMITTER REF. VOLTAGE (V) 


Ice, EMITTER CURRENT (A) 
FIGURE 5. TYPICAL EMITTER PILOT CHARACTERISTICS 
2kQ PILOT RESISTOR 
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NORMALIZED TO +25°C 


Vee = 15V 
MAX. PULSE WIDTH = 300s 
MAX. DUTY CYCLE = 2% 


Ice, COLLECTOR CURRENT (A) 


VcE(ony COLLECTOR-EMITTER SATURATION VOLTAGE (V) 


FIGURE 2. TYPICAL COLLECTOR-EMITTER SATURATION 
VOLTAGE 


VcE(SAT) 
AT10A 


<n 


” 
fb 
a 
© 


AT 
VcE(SAT) 
AT10A 


1.1V 


Voces Rating 


0 +50 +100 
Tc, CASE TEMPERATURE (°C) 


FIGURE 4. TYPICAL TEMPERATURE DEPENDENCE OF 
PARAMETERS 


-50 +150 


INDUCTIVE OR RESISTIVE LOAD 
Ty=+1 50°C, Ree = 1002 


Ice, COLLECTOR CURRENT (A) 


100 
Voce, COLLECTOR-EMITTER VOLTAGE (V) 


FIGURE 6. TURN-OFF SAFE OPERATING AREA 


200 300 400 500 


HGTB12N60D1C 


Typical Performance Curves (Continued) 


100 


Se 5 : 
Poa De Be surges Eom =BRRID |] QL 
a a Se Ne NURI ae wi a 
ey oe NSE 9 Ht 
< 
F vo ANN é ae 
a —— ga o ia 
a SERRE CE NAS SERS NS CREE OEE SD. 2 a ES NS = = 
B §0>—t—14 PASAT NSS = ue Seer 
me aS RES PISCE <= wee rit 
eee a ae ae Lt NAAT NN Fd aN 
gL Td PD NWN = 
= 1.0 tT | LNA Nh. as 
EE Z 
© 4. Fi SINGLE PULSE =F FFARR ON wi Ht 
zy 0-9 [7 Te = +25°C AS 2 H}—J ! 
Ss Co aa EH Ok tS Ne 3 SEE Ny = 0.01 Ho 
ne COLT CIT $Shcomd a HHH 
Dc * 
. Crm CTR go | 
10 20 50 100 200 500 10°> 10% 10° 4072 10°! 1 
os COLLECTOR-EMITTER VOLTAGE (V) tp, PULSE WIDTH (sec.) 
FIGURE 6. TURN-ON SAFE OPERATING AREA FIGURE 7. MAXIMUM TRANSIENT THERMAL IMPEDANCE 
Test Circuits 


PULSE Ree ee ee - 
GENERATOR : VcE (CLAMP) “"i-"i 
Roen = 50Q VcE : 
5 i i 
torr) et 
S1 SWITCH POSITION 1 CLAMPED INDUCTIVE LOAD —t ae 
2 RESISTIVE LOAD 7 R: 
Region) = (Roen + Rs\(Ree) pULSE WIDTH 608 Voc RESISTIVE LOAD INDUCTIVE LOAD 
Roen + Rs + Ree 
Llc Maximum, PULSE WIDTH (WAVEFORMS NOT TO SCALE) 
FIGURE 8. BASIC SWITCHING TEST CIRCUIT FIGURE 9. SWITCHING WAVEFORMS 
LOAD 


Rp (PILOT 
RESISTOR) 


' FIGURE 10. TYPICAL CIRCUIT UTILIZING THE EMITTER PILOT 
FOR OVERCURRENT PROTECTION ; 
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w HARRIS HGTPI4N40F3VL 


December 1993 


Features 


e Logic Level Gate Drive 
Internal Voltage Clamp 
ESD Gate Protection 

Ty = +150°C 

¢ Ignition Energy Capable 


Applications 


e Automotive ignition 
e¢ Small Engine Ignition 
¢ Fuel Ignitor 


Description 


14A, 400V N-Channel, Voltage Clamping IGBT 


Package 


JEDEC TO-220AB 
TOP VIEW 


COLLECTOR 
(FLANGE) loo 


Symbol 


———=> =—EMITTER 
COLLECTOR 
GATE 


COLLECTOR 


This N-Channel IGBT is a MOS gated, logic level device which is GATE 
intended to be used as an ignition coil driver in automotive ignition 

circuits. Unique features include an active voltage clamp between 

the drain and the gate and ESD protection for the logic level gate. 

Some specifications are unique to this automotive application and 

are intended to assure device survival in this harsh environment. 

The development type number for this device is TA49023. 


All Devices are supplied in the JEDEC TO-220AB plastic package. 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 


Collector-Emitter Breakdown Voltage at 10MA ..... 2... cece eee eee eee eees BVces 
Collector-Gate Breakdown Voltage Reg = 10KQ.. 1... cece eee eens BVccr 
Collector Current Continuous 

Voce = 4.5V at Te Se) ad. atisy ahs Bede adnsd toa g weld SARE ee Mea Tea loos 

Voce = 4.5V at Te OO og wns Pe Bee hata a ee ee ene aa oa ee ee logo 
Gate-Emitter Voltage Continuous. 20... . cee ccc eee e tee eee eenes Voes 
Gate-Emitter Voltage Pulsed OF... 1... ccc cece eee teen cette e ee enees Voem 
Gate-Emitter Current Pulsed 4.6 eis. v eit ee ec ees ee cede shamed eeees eee d de ee ees loem 
Open Secondary Turn-Off Current 

LS 23M Abt 20-0 15th, ae Seta eae eee abel See eee caren Semone lco 

Lee 2 SIN BUA 50 C were aii 5k keel peta aes card 0 6 Wega ane pee Cee ee als leo 
Drain to Source Avalanche Energy at L = 2.8mH, Tg = +25°C 1... kee eee eee eee EAS 
Power Dissipation Total at To = +25°C 21... ccc ccc cece cece cnet teen ceeeeeees Py 
Power Dissipation Derating Tg > +25°C 
Operating and Storage Junction Temperature Range .............cec cece eeees Ty, Tste 
Maximum Lead Temperature for Soldering ........... cee cece eee eee enna T 
Electrostatic Voltage at 100pF, 1500Q.. 6... eee cee cee ete teens ESD 


HGTP14N40F3VL 


420 
420 


19 
14 
+10 
+12 
+10 


0.67 


-40 to +150 


260 
6 


UNITS 


<< 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 


4,364,073 
4,587,713 
4,641,162 
4,794,432 
4,860,080 
4,969,027 


4,417,385 
4,598,461 
4,644,637 
4,801,986 
4,883,767 


Copyright © Harris Corporation 1993 


4,430,792 
4,605,948 
4,682,195 
4,803,533 
4,888,627 


4,443,931 
4,618,872 
4,684,413 
4,809,045 
4,890,143 


4,466,176 
4,620,211 
4,694,313 
4,809,047 
4,901,127 


4,516,143 
4,631,564 
4,717,679 
4,810,665 
4,904,609 


4,532,534 
4,639,754 
4,743,952 
4,823,176 
4,933,740 


File sinabet 3407.1 


4,567,641 
4,639,762 
4,783,690 
4,837,606 
4,963,951 


” 
wae 
ma 
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Specifications HGTP14N40F3VL 


Electrical dls At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


LIMITS 


restconomons [wn | tv | wax | unrs 
ee bale caries bas 


SYMBOL 
Te = +25°C V 


BVces 
To = -40°C 


Collector-Emitter Clamp Bkdn. Voltage BVcect) | Ic = 10A To = +150°C 
Emitter-Collector Breakdown Voltage Io = 1.0MA To = +25°C 


PARAMETERS 


Collector-Emitter Breakdown Voltage 


425 


Collector-Emitter Leakage Current loes Voge = 250V To = +25°C yA 
Vog = 250V To = +150°C 250 WA 


| Collector-Emitter Saturation Voltage 


Teo = +25°C 


VcE(SAT) 
a To = +150°C 
Gate-Emitter Threshold Voltage va = 1.0mA To = +25°C 
= V, 
| Voce = Vee 


i) 


: ~ 
Oo ron) 


Gate-Emitter Breakdown Voltage Iges = +1.0MA 


Current Turn-off Time-inductive Load R,. = 32Q, Ie = 10A, Rg =252, 
E= 550yh, Vet = 320V, Voge = 5V, 


Tco= +125°C 


to(orF) + 
tE(OFF)I 


Inductive Use Test L = 2.3mh, 
Vg = 5V, 


Figure 13 


5 > 


°C/W 


Gate-Emitter Leakage Current | toes | Vee = t10V ie 


i : 
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HGTP14N40F3VL 


Typical Performance Curves 


PULSE DURATION=260uS, DUTY CYCLE <.6Z, To=25°C 


COLLECTOR-EMITTER CURRENT (Ice) - A 
COLLECTOR-EMITTER CURRENT (Ice) - A 


Zin 


1 2 3 4 2 4 6 8 
GATE-TO-EMITTER VOLTAGE (Vge) - V COLLECTOR-TO-EMITTER VOLTAGE (Voce) - V 
FIGURE 1. TRANSFER CHARACTERISTICS (TYP.) FIGURE 2. SATURATION CHARACTERISTIC (TYP.) 


” 
wae 
© 
9 


Ie(pk) - (Amps) 


DC COLLECTOR CURRENT (Ice) - A 


50 7 100 
CASE TEMPERATURE (To) -° C 


FIGURE 3. MAXIMUM DC COLLECTOR CURRENT ASA FIGURE 4. OPEN SECONDARY CURRENT AS A FUNCTION OF 
FUNCTION OF CASE TEMPERATURE INDUCTANCE (TYP.) 


1000 a 
900 oO fm Ss Gs S818 {cnmmoe ame Oot On 00) Go Qos Gol on 0S Gone en 
= are ith 
800 s ati = ati oma HT lt 
u. ~ a Hh is Se matiit th 
= 700 | . Hilt mail liao? “(al 
oe 2 mean 
" Seen eae LIL || 
3 500 bad ae 9": “all 
= 400 = eS — ect eae 
- z= 
2 a : 
S 2 
aa u 
100 : 
7m ic = =e OIEAOESOtE-@ NE 160 IE! 
COLLECTOR TG EMITTER VOLTAGE CVce) - V RECTANGULAR PULSE DURATION (t,) - SECONDS 
FIGURE 5. CAPACITANCE AS A FUNCTION OF COLLECTOR- FIGURE 6. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPED- 
EMITTER VOLTAGE (TYP.) ANCE, JUNCTION-TO-CASE, vs PULSE DURATION 
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HGTP14N40F3VL 


125 


6\ 3 


100 


7 
JUNCTION TEMPERATURE (Tj) -°C 


50 
FIGURE 8. SATURATION VOLTAGE AS A FUNCTION OF 


4.00 


SATURATION VOLTAGE CVoe-SAT) - V 


3.00 
FIGURE 7. COLLECTOR-EMITTER CURRENT AS A FUNCTION 


2.00 


1,00 


| 
Ld 
00 
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Typical Performance Curves (Continued) 


JUNCTION TEMPERATURE (TYP.) 


OF SATURATION VOLTAGE; T, = +150°C (TYP.) 


° 
BW - C997) LNSYUNI YALLINA - Y¥01937109 


JUNCTION TEPERATURE ere ~ 


FIGURE 10. INDUCTIVE CURRENT TURN-OFF TIME AS A 


SATURATION VOLTAGE CVoe-SAT) - V- 


FIGURE 9. COLLECTOR- 


FUNCTION OF JUNCTION TEMPERATURE (TYP.) 


EMITTER CURRENT AS A FUNCTION 


OF SATURATION VOLTAGE (TYP) 


un - IN3HUND 39UNUa7 


12 


JUNCTION TEMPERATURE (Tj) - °C 


100 
FIGURE 11. LEAKAGE CURRENTS AS A FUNCTION OF 


FIGURE 12. THRESHOLD VOLTAGE AS A FUNCTION OF 
JUNCTION TEMPERATURE (TYP.) 


JUNCTION TEMPERATURE (TYP.) 
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HGTP14N40F3VL 


Test Circuits 


2.3mH 


© Vop 


PULSE 
GEN 


FIGURE 13. USE TEST CIRCUIT 


Handling Precautions for IGBT’s 


Insulated Gate Bipolar Transistors are susceptible to gate- 
insulation damage by the electrostatic discharge of energy 
through the devices. When handling these devices, care 
should be exercised to assure that the static charge built in 
the handler’s body capacitance is not discharged through 
the device. With proper handling and application procedures, 
however, IGBT’s are currently being extensively used in 
production by numerous equipment manufacturers in 
military, industrial and consumer applications, with virtually 
no damage problems due to electrostatic discharge. IGBT’s 
can be handled safely if the following basic precautions are 
taken: 


1. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs or by the insertion into conductive material such 
as ““ECCOSORBD LD26” or equivalent. 


L = 550uH 


WRg = 1/Ree_en + 1/Ree 


. 320V 


Seeveawvursaenvan 


, 


wBWueuwves 


FIGURE 14. INDUCTIVE SWITCHING TEST CIRCUIT 


2. When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means - for example, with a metallic wristband. 


3. Tips of soldering irons should be grounded. 


4. Devices should never be inserted into or removed from 
Circuits with power on. 


5. Gate Voltage Rating - Never exceed the gate-voltage 
rating of Vege. Exceeding the rated Ver can result in per- 
manent damage to the oxide layer in the gate region. 


6. Gate Termination - The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions 
can result in turn-on of the device due to voltage buildup 
on the input capacitor due to leakage currents or pickup. 


* Trademark Emerson and Cumming, Inc. 
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HGTP6N40E1D 
HGTP6N50E1D 


6A, 400V and 500V N-Channel IGBTs 


FARRIS 


SEMICONDUCTOR 


December 1993 with Anti-Parallel Ultrafast Diodes 
Features Packages 
JEDEC TO-220AB 
¢ 6 Amp, 400 and 500 Voit TOP VIEW 
e Latch Free Operation 
¢ Typical Tra < 1-0us c OLLECT OR cae see 
¢ High Input Impedance oO} | mela leen 
¢ Low Conduction Loss ia __—: GATE 
e With Anti-Parallel Diode 
e trr < 60ns 
Description Terminal Diagram 


The IGBT is a MOS gated high voltage switching device N-CHANNEL ENHANCEMENT MODE 
combining the best features of MOSFETs and bipolar 


transistors. The device has the high input impedance of a 


MOSFET and the low on-state conduction loss of a bipolar 9 
transistor. The much lower on-state voltage drop varies only 
moderately between +25°C and +150°C. The diode used in 
parallel with the IGBT is an ultrafast (tae < 60ns) with soft G 
recovery characteristic. 
The IGBTs are ideal for many high voltage switching applica- E 
tions operating at frequencies where low conduction losses 
are essential, such as: AC and DC motor controls, power 
supplies and drivers for solenoids, relays and contactors. 
These devices are supplied in the JEDEC TO-220AB package. 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
HGTP6N40E1D HGTP6N50E1D UNITS 
Collector-Emittor VOlWlagGe 6 i: ono oe caw dw enw eb S bebe sab oe Meee seta sie awe BVces 400 500 V 
Collector-Gate Voltage Reg = 1IMQ ... 6. cece ce cee nee eens BVocr 400 500 V 
Collector Current Continuous at To = +25°C 2... eee eee eee reece loos 7.5 7.5 A 
at To ADOC 6 ede s ke Ma Ree E eae ae Raa eee es logo 6 6 A 

Collector Current Pulsed (Note 1) ........ 2. ccc ccc cece eee eee c eee nccaeens lon 7.5 7.5 A 
Gate-Emitter Voltage Continuous. .......... 0... ccc ce ccc eee ence neces Voes +20 +20 V 
Diode Forward Current at To = +25°C. 1. lec ccc cece nec ee eee eees lpos 10 10 A 

Bb FOO C or wish wie egestas he wee dra lego 6 6 A 
Power Dissipation Total at To = +25°C 2... ccc ec cece ee eee ee eneee Pp 75 75 Ww 
Power Dissipation Derating To > +25°C. 1k ccc cece ence e eee et eteeeenees 0.6 0.6 Ww/C 
Operating and Storage Junction Temperature Range ..............eeee eee Ty Tstg 55 to +150 -55 to +150 °C 
Maximum Lead Temperature for Soldering ......... 0... cece eee e ce eee ences TL 260 260 °C 
NOTE: 


1. Ty = +150°C, Min. Reg = 252 without latch. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 3-82 


File Number 2795.1 


Specifications HGTP6N40E1D, HGTP6N50E1D 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 
HGTP6N40E1D | HGTPG6N50E1D 
PARAMETERS SYMBOL TEST CONDITIONS | min | MAX | | MIN | MAX | UNITS 

Collector-Emitter Breakdown BVces Io = 1.25mA, Vee = OV 400 500 V 
Voltage 
Zero Gate Voltage Collector Ices Ty = +150°C, Voge = 400V 1.25 eae ke ee 
Current 

T, = #150°C, Vog = 500V 
Gate-Emitter Leakage Current | lees | Vee = 420V, Vog = OV 100 nA 


5 

00 

Collector-Emitter On-Voltage Vegion). | Ty = +150°C, Io = 3A, Voge = 10V 
T, = +150°C, Io = 3A, Voge = 15V 
Ty = 425°C, Io = 3A, Voge = 10V 
T, = +25°C, Io = 3A, Vog = 15V 

[xdavee Gare | Sao [o=thvgeew [ey 

Vor = 400V, R, = 1339, 


Worr 


eal rbd Weeds UE Se 
hil ala] o 


Turn-Off Energy Loss Per Cycle 
| (Off Switching Dissipation = Wo¢r x 
Frequency) 


Turn-Off Delay Time toiorry | Inductive Load (See Figure 13), 
. lo = 3A, VcE(CLP) = 400V, Ri = 133Q, 
L = SOjH, T)= +150°C, Vee = 10¥, 


Turn-Off Energy Loss Per Cycle 
(Off Switching Dissipation = Wo¢r x 
Frequency) 


Thermal Resistance Junction-to- Raic 2.08 2.08 °CW 
Case (IGBT) 


Wore 


Thermal Resistance of Diode Rec 
Diode Forward Voltage 
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HGTP6N40E1D, HGTP6N50E1D 


Typical Performance Curves 


~ 
a 


PULSE TEST, Vcog = 10V 
PULSE DURATION = 250s 
DUTY CYCLE <2% 


Ice, COLLECTOR-EMITTER CURRENT (A) 


Vge, GATE-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TYPICAL TRANSFER CHARACTERISTICS 


Feas EET 
: 


Vce(on» SATURATION VOLTAGE (V) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE3. SATURATION VOLTAGE vs COLLECTOR-EMITTER 
CURRENT (TYPICAL) 


500 


400 


300 


200 


C, CAPACITANCE (pF) 


100 | 


0 5 10 15 20 25 
Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 5. CAPACITANCE vs COLLECTOR-TO-EMITTER 
VOLTAGE (TYPICAL) 
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PULSE DURATION = 250s DUTY CYCLE < 0.5% Tc = +25°C 


7.5 


| a 
— Voe = 5.5V 


eens 
es 
ae eee ee 


0 2 4 6 8 10 
Voge, GATE-TO-EMITTER VOLTAGE (V) 


FIGURE 2. TYPICAL SATURATION CHARACTERISTICS 


Ice, COLLECTOR-EMITTER CURRENT (A) 
& 
wu 


Ice, DC COLLECTOR CURRENT (A) 


+25 +50 +75 +100 +125 +150 
Tc, CASE TEMPERATURE (°C) 


FIGURE 4. DC COLLECTOR CURRENT vs CASE TEMPERA- 
TURE 


Ty +1 50°C, Voe = 15V, Rg = 500, 
Vce = 400V, L = 50H 


toyorrys TURN-OFF DELAY (1s) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 6. TURN-OFF DELAY vs COLLECTOR-TO-EMITTER 


CURRENT (TYPICAL) 


HGTP6N40E1D, HGTP6N50E1D 


Typical Performance Curves (Continued) 


1.5 


Ty = +150°C, Voge = 10V 
Rg = 250, L = 50yH 


Ty = +150°C, Ve = 10V 
Re = 250, L = 50pnH 


a PRE 
2 
ne a 
es ee 
a 
a ea 
| 
a | ___ 
a 
a ee 
ae ia 
—T | 


tr, FALL TIME (us) 
Wore, TURN-OFF SWITCHING LOSS (my) 


Ice, COLLECTOR-EMITTER CURRENT (A) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 7. FALL TIME vs COLLECTOR-TO-EMITTER CURRENT FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
(TYPICAL) EMITTER CURRENT (TYPICAL) 


1000 500 


WF 
i a oe Se Ges See 
< Ty = +150°C, Te = +100°C, Veg = 10V FF RL = eaten af 
5 Rg = 250, PT = 60W, L = 50uH iol > G(REF) = 0.18m 
= Se. eT See as es a rc = E 
o _— | q 375 
| Lien | ne) 5 : fo 
GE 900 (ee —— re) g OS 
a _ SSS — Vee = 200V FF S ras ae 
=z ees LE ,, ~ Rs Ee ee ee) EE eee ec ro) 
- SS ED SE DS Lu > 
Ps aa eee i. ee ee [ 250 fr 
i ess aoe sun 2 ar S| ANT = E 
] \ os = 
= a <n u 
= Sea Som cae bod i i ae © 125 Ie 
2 tuax= (®D= PCYWore +A, sia o 
= MAX = . OFF ° : wi 
E PD = ALLOWABLE DISSIPATION _| | [fi | o mage er ae & 
& PC = CONDUCTION DISSIPATION a ea 8 
10 


re TIME (us) 60 
ice, COLLECTOR-EMITTER CURRENT (A) Iq(act) IG(AcT) 


FIGURE 9. MAXIMUM OPERATING FREQUENCY vs COLLECTOR FIGURE 10. NORMALIZED SWITCHING WAVEFORMS AT 
CURRENT AND VOLTAGE (TYPICAL) CONSTANT GATE CURRENT 


di/dt > 100A/us 
Vp = 30V, Ty = +25°C 


Ty = +150°C 


Ty = +100°C 


Ty = +25°C 


Ty = -50°C 


lec, EMITTER-COLLECTOR CURRENT (A) 
tan, REVERSE RECOVERY TIME (ns) 


0.4 0.6 0.8 1.0 1.2 1.4 1.6 18 2.0 0 2 4 6 8 10 12 14 6 


Vec, EMITTER-COLLECTOR VOLTAGE (V) lec, EMITTER-COLLECTOR CURRENT (A) 
FIGURE 11. TYPICAL FORWARD VOLTAGE FIGURE 12. TYPICAL REVERSE RECOVERY TIME 
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HGTP6N40E1D, HGTP6N50E1D 


Test Circuit 


WRg = VReen + Ree 


SBBseseseaseseg 


wana 


FIGURE 13. INDUCTIVE SWITCHING TEST CIRCUIT 
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HGTP10N40C1D, HGTP10N40E1D 
HGTP10N50C1D, HGTP10N50E1D 


10A, 400V and 500V N-Channel IGBTs 


Ga HARRIS 


SEMICONDUCTOR 


December 1993 with Anti-Parallel Ultrafast Diodes 
Features Package 
¢ 10 Amp, 400 and 500 Volt JEDEC TO-220AB 


TOP VIEW 
sd VcE(on) 2.5V Max. 


* Teatt 1HS, 0.5us 


e Low On-State Voltage (FLANGE) | aa EMITTER 
COLLECTOR 
¢ Fast Switching Speeds cea! ie GATE 


High Input Impedance 
Anti-Parallel Diode 


Applications 


e Power Supplies 


Terminal Diagram 


e Motor Drives N-CHANNEL ENHANCEMENT MODE 


¢ Protective Circuits Cc 


Description 


The HGTP10N40C1D, HGTP10N40E1D, HGTP10N50C1D, G 

and HGTP10N50E1D are n-channel enhancement-mode 

insulated gate bipolar transistors (IGBTs) designed for high 

voltage, low on-dissipation applications such as switching E 
regulators and motor drivers. They feature a discrete anti- 

parallel diode that shunts current around the IGBT in the 

reverse direction without introducing carriers into the 

depletion region. These types can be operated directly from 

low power integrated circuits. 


They are supplied in the JEDEC TO-220AB plastic package. 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 


HGTP10N40C1D HGTP10N50C1D 
HGTP10N40E1D HGTP10N50E1D UNITS 
Collactor-Emitter VOWag@ oc sais es bas aw aed woe Pete welie se ees Voces 400 500 Vv 
Collector-Gate Voltage Ree AIA CY rts aius oped Go Beane Ma OE eR ees Voor 400 500 V 
Gale-Emiller VOlag6si. sau se hens Gewese eek kee ea ee Sines Res Voce +20 +20 V 
Collector Current Continuous at To = +25°C. 0... keene eee loos 17.5 17.5 A 
ate S400 Cs cp ea caae- way vo vee siecteen logo 10 10 
Power Dissipation Total at To = +25°C 2.0... cece cece eee eee cence Pp 75 75 W 
Power Dissipation Derating To > +25°C. 1. cee cece eee teen eee 0.6 0.6 WC 
Operating and Storage Junction Temperature Range ................ Ty, Tstg -55 to +150 -55 to +150 °C 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1993 3.87 
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Specifications HGTP10N40C1D, HGTP10N40E1D, HGTP10N50C1D, HGTP10N50E1D 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


LIMITS 


HGTP10N40C1D, 
HGTP10N40E1D 


- HGTP10N50C1D, 
HGTP10N50E1D 


PARAMETERS SYMBOL 


Collector-Emitter Breakdown Voltage BVces lo = 1MA, Veg = 0 
Gate Threshold Voltage VGeE(TH) | Vee = Voe: Ie = IMA 2 


Zero Gate Voltage Collector Current Voge = 400V, To = +25°C 


TEST CONDITIONS 


UNITS 


> 
oO 
io) 


© 
> 


4.5 


N 


5 


oO 


Oo 


: 
> 


Ices 


Voce = 500V, Te = +25°C 250 


Voce = 400V, Te = +125°C 


= 
> 


Veg = 5O0V, Te = +125°C 


5% 
> 


Veg = £20V, Vog = 0 


Gate-Emitter Leakage Current 


Collector-Emitter On Voltage Veen | '!c = 10A, Vee = 10V 


[oe ) 


le = 17.5A, Voce = 20V 


Fall Time te 


6 (typ) V 


19 (typ) 


Io = 5A, Veg = 10V 6 (typ) 


19 (typ) 


lo = 5A, Vog = 10V nc 


lo = 10A, Veep) = 300V, 
L = 50pH, T, = +100°C, 
Vee = 10V, Rg = 502 


40E1D, 50E1D 680 (typ) 


ee 
> 


1000 4680 (typ)} 1000 


40C1D, 50C1D 400 (typ 


~~ 


500 400 (typ 


00 


H 
is 


Turn-Off Energy Loss per Cycle (Off 
Switching Dissipation = 
Worr X Frequency) 


lo = 10A, VcE(CLP) = 300V, 
L = 50pH, Ty = +100°C, 
Voce = 10V, Re = 50Q 


40E1D, 50E1D 


1810 (typ) 


40C1D, 50C1D 1070 (typ) 


| [Thoma Rescance unotorocase| Fac | +1. ‘Pre | 72 
eee ee tak Ps dotedt a 


?] 
mn 
vt 


Diode Reverse Recovery Time lec = 10A, di/dt = 100A/ps 


af < 
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HGTP10N40C1D, HGTP10N40E1D, HGTP10N50C1D, HGTP10N50E1D 


Typical Performance Curves 


Vee = 10V, Reen = Reg = 100Q aes 


20.0 


17.5 ~ 
an See 
= 15.0 FS 
: ISX : 
Ww 12.5 a 
x ” 
re ” 
3 10.0 a 
7 x 
Fr 7.5 = 
SER ERE ; 
QO 
a 5.0 Ww 
ee a a 
ae bestia e teedeelite 
0 
-75 -50 -2 #25 +50 +75 +100 +125 +150 +175 0 +25 +50 +75 +100 +125 +150 
af cae TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 
FIGURE 1. MAX. SWITCHING CURRENT LEVEL. Rg = 50Q, FIGURE 2. POWER DISSIPATION vs TEMPERATURE DERATING 
Vee = OV ARE THE MIN. ALLOWABLE VALUES CURVE 
o PULSE TEST, Veg = 10V 
=< PULSE DURATION = 80s 
a q % |puTY cYcLe = 0.5% Pal 
> — fea] 
: g 
= « 
uu = 
& 3) 
om 
ff 2 
e 
= 
a 
: 8 
< 3) 
= = 
x 
oe) 
z 
-50 0 +50 +100 +150 
Ty, JUNCTION TEMPERATURE (°C) Vge, GATE-TO-EMITTER VOLTAGE (V) 
FIGURE 3. TYPICAL NORMALIZED GATE THRESHOLD FIGURE 4. TYPICAL TRANSFER CHARACTERISTICS 


VOLTAGE vs JUNCTION TEMPERATURE 


Tc= +25°C 


PULSE TEST, Vog = 10V 
PULSE DURATION = 80us 
DUTY CYCLE = 0.5% MAX. 


Ice, COLLECTOR CURRENT (A) 
Ice, COLLECTOR CURRENT (A) 


pt | Vit | 
pT iA | | | 
ae ARRAS 


0 1 2 3 4 5 
Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) VcE(ony COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL COLLECTOR-TO-EMITTER ON-VOLTAGE 


vs COLLECTOR CURRENT 
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HGTP10N40C1D, HGTP10N40E1D, HGTP10N50C1D, HGTP10N50E1D 


Typical Performance Curves (continued) 


Ic = 10A, Veg = 10V 


—_! 


C, CAPACITANCE (pF) 


Ic = 5A, Vee = 10V 
ee 
ee 


VceE(ony COLLECTOR-EMITTER ON VOLTAGE (V) 


1.50 
0 10 20 30 40 50 +25 +50 +75 +100 +125 +150 
Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 7. CAPACITANCE vs COLLECTOR-TO-EMITTER FIGURE 8. TYPICAL Vceon) VS TEMPERATURE 
VOLTAGE 


Io = 20A, Veg = 10V, Voz = 300V 
L =25yH, Rg = 252 


Tporry: TURN OFF DELAY TIME (ns) 


+25 +50 +75 +100 +125 +150 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. TYPICAL TURN-OFF DELAY TIME 


800 


700} L= SOnH, ae 500 


800 
Io = 10A, Vee = 10V, Voz, = 300V 
700 | L = 50unH, Rg = 50 


600 600 

@ 500 —_— ‘a 500 
a ome ae ee g 
F VE 2 cae = 
J 

— 300 -— 300 
ix ix 

= 200 & 200 

100 100 

0 0 

+25 +50 +75 +100 +125 +150 +25 +50 +75 +100 #125 +150 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 11. TYPICAL FALL TIME (Ic = 5A) FIGURE 12. TYPICAL FALL TIME (I> = 10A) 
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HGTP10N40C1D, HGTP10N40E1D, HGTP10N50C 1D, HGTP10N50E1D 


Typical Performance Curves (continues) 


Voe = 10V, VcE(CLP) = 300V | 
L = 25uH, Rg = 250 ™~ 20A, Re 


ai ae 


1000 


Ry = 250 
loner) = 0.76mA 


Voge = 10V 


\ 


900 


| 
=| 
\\4 
7 
TH 


= 
_ 

aaa 10A, 40E1/50E1 

OO 


10A, 40C1/50C1 


=| 
a. 
= 
—_—s€ 


Worr, TURN-OFF ENERGY LOSS (uJ) 
gi 
oe 
So 


Voce, GATE-EMITTER VOLTAGE (V) 


= 
G 
= 
oad 
Oo 
> 
io 
E 
= 
a 
S 
Pol 
Oo 
Ww 
| 
.e) 
oO 

Ww 

oO 
> 


0 0 
+25 +50 +75 +100 +125 +150 tae rl 
20———— TIME (18) 
Ty, JUNCTION TEMPERATURE (°C) Ig(act) IG(AcT) 
FIGURE 13. TYPICAL CLAMPED INDUCTIVE TURN-OFF FIGURE 14. NORMALIZED SWITCHING WAVEFORMS AT CON- 
SWITCHING LOSS/CYCLE STANT GATE CURRENT. (REFER TO APPLICA- 


TION NOTES AN7254 AND AN7260) 
100 


TYPICAL DIODE ON VOLTAGE TYPICAL REVERSE RECOVERY TIME 


” 
bf 
joa 
o 


Ty = +150°C 
I I 


Ty = +100°C 
| [ 
1 Ty= +25°C 
| | 
Ty= -50°C 


dlec/dy = 100A/us 
Vp = 30V, Ty = +25°C 


lec, EMITTER-COLLECTOR CURRENT (A) 


tar, REVERSE RECOVERY TIME (ns) 


0.4 06 0.8 1 1.2 1.4 1.6 1.8 2 


0 2 4 6 8 10 12 14 16 18 20 
Vec, EMITTER-COLLECTOR (V) 


lec, EMITTER-COLLECTOR CURRENT (A) 


FIGURE 15. TYPICAL DIODE EMITTER-TO-COLLECTOR FIGURE 16. TYPICAL DIODE REVERSE-RECOVERY TIME FOR 
VOLTAGE vs CURRENT FOR ALL TYPES ALL TYPES 
Test Circuit 
R, = 132 


1/Rg = 1/Reen + 1/Roe 


VcE(CLP 
300V - 


Ree = 1002 


nama 


FIGURE 17. INDUCTIVE SWITCHING TEST CIRCUIT 
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HARRIS 


SEMICONDUCTOR 


HGTP10N40F1D 
HGTP10N50F1D 


10A, 400V and 500V N-Channel IGBTs 


December 1993 with Anti-Parallel Ultrafast Diodes 
Features | Packages 
e 10 Amp, 400 and 500 Voit JEDEC TO-220AB 
TOP VIEW 


e Latch Free Operation 

¢ Typical Fall Time < 1.4ys 
e High Input Impedance 

¢ Low Conduction Loss 

¢ With Anti-Parallel Diode 
° ter < 60ns 


Description 


The IGBT is a MOS gated high voltage switching device 
combining the best features of MOSFETs and bipolar 


EMITTER 


COLLECTOR = 
(FLANGE) 
| oO] = COLLECTOR 
_-———= GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


transistors. The device has the high input impedance of a Cc 
MOSFET and the low on-state conduction loss of a bipolar 
transistor. The much lower on-state voltage drop varies only 
moderately between +25°C and +150°C. The diode used in 
parallel with the IGBT is an ultrafast (taq < 60ns) with soft : 
recovery characteristic. 
IGBTs are ideal for many high voltage switching applications E 
operating at frequencies where low conduction losses are 
essential, such as: AC and DC motor controls, power 
supplies and drivers for solenoids, relays and contactors. 
These devices are supplied in the JEDEC TO-220AB package. 
Absolute Maximum Ratings (Tc. = +25°C), Unless Otherwise Specified 
HGTP10N40F1D HGTP10N50F1D UNITS 
Collector-Emitter Voltage .. 0.2... ccc ccc ee eee eee eee eee BVces 400 500 V 
Collector-Gate Voltage Reg = 1MQ . 1... ccc eee eee ee ene BVccr 400 500 Vv 
Collector Current Continuous at To = +25°C ...... eee cece ee eet loos 12 12 A 
GUT 490°C a3. set na boy ch a ov eens loo 10 10 A 

Collector Current Pulsed (Note 1) 2.0.0... . ccc cee cee weet eee eee eees lom 12 12 A 
Gate-Emitter Voltage Continuous. ............ 0c ccc c cece eee eeeeeees Voes +20 +20 Vv 
Diode Forward Current at To = +25°C 0... cee cece cece eens Ipos 16 16 A 

at To] FO0°C essex ews descubeatoalsacnanes les 10 10 A 
Power Dissipation Total at To = +25°C 1.0... cece eerste ees cece se? Pp 75 75 Ww 
Power Dissipation Derating Tg > +25°C. 6... kee eee eee eee c eee eees 0.6 0.6 WPC 
Operating and Storage Junction Temperature Range................ Ty, Tst¢ -55 to +150 -55 to +150 °C 
Maximum Lead Temperature for Soldering ............ccc eee eeeeeeeees TL 260 260 °C 
NOTE: 


1. Ty = +1 50°C, Min. Ree = 25Q without latch. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


Copyright © Harris Corporation 1993 
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Specifications HGTP10N40F1D, HGTP10N50F1D 


Electrical Specifications T,. = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS 


Collector-Emitter Breakdown BVceEs Io = 1.25mMA, Veg = OV 
Voltage | 


Gate Threshold Voltage Voce = Vee, Io = 1MA 
Zero Gate Voltage Collector lces Ty = +150°C, Voge = 400V 
Ty = +150°C, Vog = 500V 


Current 
Gate-Emitter Leakage Current | lees | Vee = t20V, Vog = OV 


Collector-Emitter On-Voltage Voeony | Ty = +150°C, Io = 5A, Vge = 10V 


LIMITS 
HGTP10N40F1D | HGTP10N50F1D 


400 


a 
on 


2.0 


1.25 


io 
3 
> 


5 


3 


10 


Oo 


T; = +1 50°C, lo = 5A, Vor = 15V 
Ty = +25°C, lo = 5A, Voce = 10V 
Ty = +25°C, lo = 5A, Voce = 15V 


Gate-Emitter Plateau Voltage Ico = 5A, Vog = 10V 5.3 (typ) 

On-State Gate Charge lo = 5A, Voge = 10V 13.4 (typ) 

Turn-On Delay Time Resistive Load, Ic = 5A, 45 (typ) 
— Voge = 400V, R, = 802, 

Turn-Off Delay Time Nese 130 (typ) 


Worr 


w me] 

Nm MO] o 

Le ae ra 
Nh Ff Of 


Turn-Off Energy Loss Per Cycle 
(Off Switching Dissipation = Wore X 
Frequency) 


Turn-Off Delay Time Inductive Load (See Figure 13), 
; le = 5A, VcE(CLP) = 400V, Re = 80Q, 


ro) 
> 
b> 
os 
< 
2 


Turn-Off Energy Loss Per Cycle Wore Pa eee 1.2 
(Off Switching Dissipation = Worf X 

Frequency) 

Thermal ResistanceJunction-to- Reic 


Case (IGBT) 
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- _HGTP10N40F1D, HGTP10N50F1D 


Typical Performance Curves — 


MT 
frees 


126 : 
PULSE TEST, Vce = 10V. 


PULSE DURATION = 250s 


10 F DUTY CYCLE < 2% 


Te = +25°C 


Te=+1 50°C 


Ice, COLLECTOR-EMITTER CURRENT (A) 


VcE; GATE-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TYPICAL TRANSFER CHARACTERISTICS 
4 


Ty= +1 50°C 


VcE(ON): SATURATION VOLTAGE (V) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE3. SATURATION VOLTAGE vs COLLECTOR-EMITTER 


CURRENT (TYPICAL) 


1000 


800 


oO 
o 
°o 


400 


C, CAPACITANCE (pF) 


NO 
(=) 
Oo 


Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 5. CAPACITANCE vs COLLECTOR-TO-EMITTER 
VOLTAGE (TYPICAL) 
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Ice, COLLECTOR-EMITTER CURRENT (A) 


Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 2. TYPICAL SATURATION CHARACTERISTICS 


Ice, OC COLLECTOR CURRENT (A) 


+25 +100 +125 
Tc, CASE TEMPERATURE (°C) 


FIGURE 4. DC COLLECTOR CURRENT vs CASE 
TEMPERATURE 


Vee = 15V, Rg = 502 
Vee = 10V, Rg = 5002 
Voe = 15V, Rg = 252 
Voge = 10V, Rg = 252 


tprorFY TURN-OFF DELAY (ys) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 6. TURN-OFF DELAY vs COLLECTOR-TO-EMITTER 
CURRENT (TYPICAL) 


HGTP10N40F1D, HGTP10N50F1D 


Typical Performance Curves (Continued) 


Ty = +150°C, Vge = 10V 
Rg = 250, L = 50uH 
SN. 
“SLUT 
l Voge = 400V 
) 
100 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 7. FALL TIME vs COLLECTOR-TO-EMITTER CURRENT 
(TYPICAL) 


tr, FALL TIME (us) 


NOTE: 
Pp = ALLOWABLE DISSIPATION Po = CONDUCTION DISSIPATION 


w 1000 


Ty = +150°C, To = +100°C, Voge = 10V = 
— Rg = 252, PT = 75W, L = 50uH 4 


y 


100 


2 Le (Oe Se Gee oe SE 


=i aaaae z fmaxs = 0-054 Dorr) 
r——, fax2 = (Pp - PoWorr 


10 OS CE A PY AS EN OE YO 


fop, MAXIMUM OPERATING FREQUENCY (KH 


1 10 100 
ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE9. MAXIMUM OPERATINGFREQUENCY vs COLLECTOR 
CURRENT AND VOLTAGE (TYPICAL) 


Ty= +25°C 


Ty =-50°C 


lec, EMITTER-COLLECTOR CURRENT (A) 


0.4 0.6 0.8 1.0 12 81.4 16 18 2.0 
Vec, EMITTER-COLLECTOR VOLTAGE (V) 


FIGURE 11. TYPICAL FORWARD VOLTAGE 


Pg) Soccer ees es Gel So ce es 
£ Ty = +150°C, Vge = 10V |} +--+ FH 
Y Rg = 250, L = 50uH +--+ H+ 
° | 
wd 

g Gale Pa ea EL 
Dall 
5 1.0 SS RT ait 
(77) RS So ED 0 a Ge 
v7 Soe OY cae a Ea SN NSE SS et GO 
fo} aa? > oi SO A YG 
z AD Ei? OZ Vl a 
S 7 AZ| Voce = 200V eae ee 
% ZZ a eS 
io] 

LH 


0.1 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
EMITTER CURRENT (TYPICAL) 


R, = 100Q 
IG(REF) = 0.33MA 


> Voc = BVces 


Y | \ 
ANIa0 
| IA 


0.75 BVces 0.75 BVces 
0.50 BVces 0.50 BVces 
0.25 BVces 0.25 BVces 
A\\\ COLLECTOR-EMITTER VOLTAGE 


Voce, COLLECTOR-EMITTER VOLTAGE (V) 


IG(REF) IG(RE 
coe TIME (us) 80 
Iq(act) Iq(act 


FIGURE 10. NORMALIZED SWITCHING WAVEFORMS AT 
CONSTANT GATE CURRENT 


diec/dt 2 100A/us 
Vp = 30V, Ty = +25°C 


60 
50 
40 
30 
20 


10 


tar, REVERSE RECOVERY TIME (ns) 


lec, EMITTER-COLLECTOR CURRENT (A) 
FIGURE 12. TYPICAL REVERSE RECOVERY TIME 
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Voge, GATE-EMITTER VOLTAGE (V) 
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HGTP10N40F1D, HGTP10N50F1D 


Test Circuit 


Re 


L = 50uH 


1/Rg = 1/Reen + 1 Roe 


FAP AABABAA BAMBARA ARAe 


eowwaw 


FIGURE 13. INDUCTIVE SWITCHING TEST CIRCUIT 
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HGTH12N40C1D, HGTH12N40E1D 
HGTH12N50C1D, HGTH12N50E1D 


12A, 400V and 500V N-Channel IGBTs 


Ga FARRIS 


SEMICONDUCTOR 


December 1993 with Anti-Parallel Ultrafast Diodes 
Features Package 
¢ 12 Amp, 400 and 500 Volt JEDEC TO-218AC 
TOP VIEW 


* Vce(on): 2.5V Max. 
° Tratt: 1HS, 0.518 
¢ Low On-State Voltage 


———————— EMITTER 
COLLECTOR 


COLLECTOR 


he be 


¢ Fast Switching Speeds 


¢ High Input impedance 
e Anti-Parailel Diode 


Applications 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


¢ Power Supplies 
¢ Motor Drives 


¢ Protective Circuits c 


” 
wa 
ca 
9 


Description 


The HGTH12N40C1D, HGTH12N40E1D, HGTH12N50C01D, G 

and HGTH12N50E1D are n-channel enhancement-mode 

insulated gate bipolar transistors (IGBTs) designed for high 

voltage, low on-dissipation applications such as switching E 
regulators and motor drivers. They feature a discrete anti- 

parallel diode that shunts current around the IGBT in the 

reverse direction without introducing carriers into the 

depletion region. These types can be operated directly from 

low power integrated circuits. 


They are supplied in the JEDEC TO-218AC plastic package. 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 


HGTH12N40C1D HGTH12N50C1D 

HGTH12N40E1D HGTH12N50E1D UNITS 
Collector-Emitter Voltage... 0... cc ccc ee ee ee tence eee eeee Voces 400 500 V 
Collector-Gate Voltage Reg = 1MQ .... cece ee cee eee eee Vocr 400 500 V 
Gate-Emitler Voltage ss si. s:c.5 6 so oa Vawe eee wie eee VS ee eeaales oa 8 Voce +20 +20 V 
Collector Current ContinuouS.... 6.0.0... ccc cece cece ee eee eee e ee eeee lo 12 12 A 
Collector Current: PUISOG, scu2643t se sess aes eS eed ei dewewneeeetewunes lom 17.5 17.5 A 
Power Dissipation Total at To = +25°C 2... eee cee ce eee eens Pp 75 75 Ww 
Power Dissipation Derating Tg > +25°C. 2. ccc cee eens 0.6 0.6 WPC 
Operating and Storage Junction Temperature Range ................ Ty, Tsta -55 to +150 -55 to +150 °C 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 
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Specifications HGTH12N40C1D, HGTH12N40E1D, HGTH12N50C1D, HGTH12N50E1D 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS 


Collector-Emitter Breakdown Voltage BVces 
Gate Threshold Voltage V@ecTH) 


LIMITS 


HGTH12N40C 1D, 
HGTH12N40E1D 


HGTH12N50C1D, 
HGTH12N50E1D 


its 


Io= 1mA, Vee = 0 


Cc 
y 4 


AEPPPP EE 


Vae = Vee; Io = 1mA 


Zero Gate Voltage Collector Current 


Vce = 400V, Tco= +25°C 


Vce = 500V, Te =+25°C | 


Vee = 400V, Te = +125°C 


Voce = 500V, Te = +125°C 


Gate-Emitter Leakage Current 


Collector-Emitter On Voltage 


Vee = +20V, Voce =0 


Io = 17.5A, Vgg = 20V 


Gate-Emitter Plateau Voltage Veep Ilo = 5A, Veg = 10V 6 (typ) 6 (typ) 
On-State Gate Charge Qeon) | 'c = 5A, Voge = 10V 19 (typ) 19 (typ) nC 


Turn-On Delay Time toon)! 
: 
Turn-Off Delay Time toiorF) 


Fall Time 


Io = 10A, VcE(CLP) = 300V, 
L = 50pH, T, = +100°C, 
Vor = 10V, Re = 502 
See Note 9 


= 
< 
Ea 

a 
=) 

omer 

so 
> 
=) 


40E1D, 50E1D 


40C1D, 50C1D 400 400 
(typ) (typ) 
Turn-Off Energy Loss per Cycle (Off lo = 10A, VcE(cLP) = 300V, 
Switching Dissipation = L = 50H, Ty = +100°C, 
Worr X Frequency) Vee = 10V, Re = 50Q 
40E1D, 50E1D 1810 (typ) 
40C1D, 50C1D 1070 (typ) 


Thermal Resistance Junction-to-Case Rec 


Diode Forward Voltage | Vec lec = 10A ee | 


1.67 


Diode Reverse Recovery Time lec = 10A, die?/dt = 


100A/us 


ale : 

[o>] 
N 
| pal 
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HGTH12N40C1D, HGTH12N40E1D, HGTH12N50C1D, HGTH12N50E 1D 


Typical Performance Curves 


z 
2 
< & 
= % 
ci a 
ec Gi 
G 5 
ce a 
° Pal 
Oo E 
| < 
wud fea 
8 5 
i x 
-75 -0 -25 0 25 50 75 100 125 150 175 0 25 50 75 100 125 150 
Ty, JUNCTION TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 
FIGURE 1. MAX. SWITCHING CURRENT LEVEL. Rg = 502, FIGURE 2. POWER DISSIPATION vs TEMPERATURE DERATING 
Voge = OV ARE THE MIN. ALLOWABLE VALUES CURVE 


17.5 
3 PULSE TEST 

< PULSE DURATION = 80ps 

fe 15.0 F DUTY CYCLE = 0.5% MAX. Veg = 10V e 
a Zz A 
a S125 a 
xr z ©) 
oi cc ae ~ 
o oc 10. 

- 5: at 

iu ec | 

é : oe 

G oO 

a wi 

uy aa | 

N 3 

: g LL 

: : ol 

© 2 

z 


-50 0 50 100 150 
T y, JUNCTION TEMPERATURE 


0 2.5 5.0 7.5 10.0 
Voce, GATE-TO-EMITTER VOLTAGE (V) 


FIGURE 3. TYPICAL NORMALIZED GATE THRESHOLD FIGURE 4. TYPICAL TRANSFER CHARACTERISTICS 
VOLTAGE vs JUNCTION TEMPERATURE 


Te = +25°C 17.5 
TT Veer PULSE TEST | Vor= 10 
f A 15.0 |+ PULSE DURATION = 80us 

ae to AVA, 2 DUTY CYCLE = 0.5% MAX. Py | 
< l | / S 425 
a 12. 
=z =z 
é : Ee 
tr = 10. 
P| =) 
5 : oe 
5 s 7 
? : ae 
4 48. 
= ood 
se) re) 
: i ie 
' a =e 

0 1 2 3 4 5 . ; 2 ° 4 

Voge: COLLECTOR-TO-EMITTER VOLTAGE (V) Vce(ony COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE6. TYPICAL COLLECTOR-TO-EMITTER ON VOLTAGE 


vs COLLECTOR CURRENT 
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_ Typical Performance Curves (continued) 


HGTH12N40C1D, HGTH12N40E1D, HGTH12N50C1D, HGTH12N50E1D 


to(orF): TURN OFF DELAY TIME (ns) 


tr, FALL TIME (ns) 


5 10 15 20 


Voge, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 7. CAPACITANCE vs COLLECTOR-TO-EMITTER 


_ VOLTAGE 


ic = 10A, Vee = 10V, Voz = 300V 
L = 50uH, Rg = 50 


25 50 75 100 125 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. TYPICAL TURN-OFF DELAY TIME 


— 
hans 


50 75 100 125 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 11. TYPICAL FALL TIME (Ic = 5A) 


eomtas | 


Ic =10A, Vege = 10V J 


Re ice Po i 
Ramee oe 
: 50 75 100 125 4150 
Tj, JUNCTION TEMPERATURE (°C) 


VcE(ON) COLLECTOR-EMITTER ON VOLTAGE (V) 


FIGURE 8. TYPICAL Vce(on) VS TEMPERATURE 


FIGURE 10. TYPICAL INDUCTIVE SWITCHING WAVEFORMS 


800 
Io = 10A, Voge = 10V, Voz, = 300V 
700 L = 50uH, Rg = 50 


tm, FALL TIME (ns) 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 12. TYPICAL FALL TIME (Ic = 10A) 


3-100 


HGTH12N40C1D, HGTH12N40E1D, HGTH12N50C1D, HGTH12N50E1D 


Typical Performance Curves (Continued) 


1000 
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E 

w” 

” 

Oo 

and 

& 

i 500 20A, 40C1D/50C1D 

u 400 

uo 

ive — _— 

Or es ————T_10A, 40€1D/50E1D 
cx 

> 200 a ee ae 
400 eo 10A, 40C1D/50C1D 
oO 

a eee eet 


+25 +50 +75 +100 +125 +150 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 13. TYPICAL CLAMPED INDUCTIVE TURN-OFF 
SWITCHING LOSS/CYCLE 


100 


< 

- 

=z 
lw 

ce 

fe a 
3 10 

rs Ty = +150°C 
2 to 
aa T J= +1 00°C 
| 
9 | | 
a | Ty = +25°C 
pur 
E j | 
S Ty = -50°C 
Wi 

re) 
wu 

0.1 


0.4 06 08 1 1.2 1.4 1.6 1.8 2 
Vec, EMITTER-COLLECTOR VOLTAGE (V) 


FIGURE 15. TYPICAL DIODE EMITTER-TO-COLLECTOR 
VOLTAGE vs CURRENT 


Test Circuit 


W/Re = 1/Rgen + 1/Ree 


eee ee ed 


awnam 


R, = 50Q 
IG(REF) = 0.38mA 


Voge = 10V 


Nim 


ia 6 
aon Ge 


FOR TURN-OFF GATE CURRENTS IN | : 
EXCESS OF 3mA. Voce TURN-OFF IS 

NOT ACCURATELY REPRESENTED 

BY THIS NORMALIZATION. 2 


ee 
a 


wk 

—w 

go 
on 
a 


Voce, COLLECTOR-EMITTER VOLTAGE (V) 
Voge, GATE-EMITTER VOLTAGE (V) 


TW Qteottecror-emrrten VOLTAG A\' , 
0 el) TIME (us) 80 poli) 
Iqcact) IG@(act) 


FIGURE 14. NORMALIZED SWITCHING WAVEFORMS AT CON- 
STANT GATE CURRENT (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 


dlec/dy 2 100A/us 
Vp = 30V, Ty = +25°C 


tran, REVERSE RECOVERY TIME (ns) 


0 2 4 6 8 10 12 14 16 18 £20 
lec, EMITTER-COLLECTOR CURRENT (A) 


FIGURE 16. TYPICAL DIODE REVERSE RECOVERY TIME 


Ry = 13 


Voc = 130V 


VcE(CLP) = 
300V 


FIGURE 15. INDUCTIVE SWITCHING TEST CIRCUIT 
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w HARRIS HGTG12N60D1D 


12A, 600V N-Channel IGBT 


December 1993 with Anti-Parallel Ultrafast Diode 
Features Package | 
¢ 12 Amp, 600 Voit JEDEC STYLE TO-247 
e Latch Free Operation tee 
¢ Typical Fall Time <500ns 
COLLECTOR 
e Low Conduction Loss (GOTTOM SIDE 
¢ With Anti-Parallel Diode METAL) 


e tar <60ns 


Description 


The IGBT is a MOS gated high voltage switching device 
combining the best features of MOSFETs and bipolar 
transistors. The device has the high input impedance of a 
MOSFET and the low on-state conduction loss of a bipolar 
transistor. The much lower on-state voltage drop varies only Cc 
moderately between +25°C and +150°C. The diode used in 
parallel with the IGBT is an ultrafast (taa < 60ns) with soft 
recovery characteristic. 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


The IGBTs are ideal for many high voltage switching applica- 

tions operating at frequencies where low conduction losses 

are essential, such as: AC and DC motor controls, power Ee 
supplies and drivers for solenoids, relays and contactors. : 


This type is supplied in the JEDEC style TO-247 package. 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 


| HGTG12N60D1D UNITS 
Collector-Emitter Voltage .. 2... ccc cc cc ccc cee etre renee ene eee eeenees BV ces 600 V 
Collector-Gate Voltage Reg = 1MQ 2... cece ccc eee eee e eet ee eeeees BVoccr 600 V 
Collector Current Continuous at To = +25°C 2... ccc cece ee ee tere ences loos 21 A 

| Bt Temes O00 ete eb chen cee diatawsimetenaeue loo 12 A 
Collector Current Pulsed (Note 1) 0.0.0... cece cece cece eee teen eee enane lom 48 A 
Gate-Emitter Voltage Continuous. 2.0.2.2... cc eee cece cece cece e eee erences Voces +20 V 
Switching Safe Operating Area at T)=+150°C .... cece cee teens SSOA 30A at 0.8 BVcEs - 
Diode Forward Current at Tp = 425°C 0... cece cee eee ence eee eeneenes leos 21 A 

Bt VES 990 oven on Fe GS ocd eww add Nags ena hein sae loo 12 A 
Power Dissipation Total at To = +25°C 0... cece ccc cece eect een e eens Pp 75 Ww 
Power Dissipation Derating To > +25°C. ccc cece cee cee eect e eee eeeeenees 0.6 WPC 
Operating and Storage Junction Temperature Range ............ cece eee eee Ty Tst¢ -55 to +150 °C 
Maximum Lead Temperature for Soldering ......... 0... ccc cece eee cree cece eeaee Te 260 °C 
(0.125 inches from case for 5 seconds) 
NOTE: 
1. Repetitive Rating: Pulse width limited by maximum junction temperature. 

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 3-102 
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Specifications HGTG12N60D1D 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 

i | ein: |__| STP 

Collector-Emitter Leakage Voltage ieee To = +25°C 
LS eee 

Collector-Emitter Saturation Voltage VcE(san lo = logo, Vag = 15V 
heal 


= 
5 |> 


2 


| 


Gate-Emitter Threshold Voltage lo = 250HA, Vog = Veg, To= +25°C 


Gate-Emitter Leakage Current | ges Vee = t20V 
Gate-Emitter Plateau Voltage lo = looor Vee = 0-5 BVces 


en! 

hoe 

= 

zx 

| 30 

La 

a 

On-State Gate Charge a - en: Vee=15V | | 
Vee = 20V Pe 
cz 

es 

as 

= 

Le 

ae 

a 

a 
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7. 


~“ 
be 
Q 


ok 
=] 


Current Turn-On Delay Time L = 500uH, Io = lego, Rg = 25V, 
; Voce = 15V, Ty = +150°C, 
Current Rise Time Vog = 0.8 BVces 


Current Turn-Off 
Current Fall Time 


Turn-Off Energy (Note 1) 


be 
+ 
oa) : 


1.67 °C/W 
°C/W 


Thermal Resistance IGBT 
Thermal Resistance Diode 


Diode Forward Voltage 


|< 


Diode Reverse Recovery Time 


NOTE: 


1. Turn-off Energy Loss (Wo,¢r) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Ic¢ = OA). The HGTG12N60D1D was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 


Typical Performance Curves 


20 
PULSE DURATION = 2508 


Voge = 10V 
| | ifAl 
c/a 


PULSE DURATION = 250ys 
DUTY CYCLE < 0.5% 


16 


12 


Te = +25°C 


Ice, COLLECTOR-EMITTER CURRENT (A) 
Ice, COLLECTOR-EMITTER CURRENT (A) 


Tc = -40°C 
0 
0 2 4 6 8 10 0 1 2 3 4 5 
Vee, GATE-EMITTER VOLTAGE (V) Vog, COLLECTOR-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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HGTG12N60D1D 


Typical Performance Curves (Continued) 


Ice, COLLECTOR CURRENT (A) 


+25 +50 +75 +100 +125 +150 
Tc, CASE TEMPERATURE (°C) 


FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE 


C, CAPACITANCE (pF) 


Vee, COLLECTOR-EMITTER VOLTAGE (V) 
FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE 


VcE(ONy» SATURATION VOLTAGE (V) 
~» 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE7. SATURATION VOLTAGE vs COLLECTOR-EMITTER 
CURRENT 
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te}, FALL TIME (ns) 


Voce, COLLECTOR-EMITTER VOLTAGE (V) 
o 
° 
° 


Vg = 480V, Voge = 10V AND 15V 
Ty = +150°C, Reg = 250, L = 500uH 


PEAK COLLECTOR-EMITTER CURRENT (A) 


FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 


10 


450 


0.75 BVces 6.75 BVcEs 


0.50 BVces 0.50 BVces 
0.25 BVces 0.25 BVces 


5.0 


2.5 


Voce, GATE-EMITTER VOLTAGE (V) 


Ig(REF) = 0.868mA 
Voge = 10V 


TIME (1s) 


FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 
STANT GATE CURRENT. (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 


Ty= +1 50°C, Vee = 10V 
Ree = 259, L = 500nH 


Worr, TURN-OFF SWITCHING LOSS (mJ) 


an 
ag 
ps 
— 
=a 
fi 
L 


ES A 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
EMITTER CURRENT 


HGTG12N60D1D 


Typical Performance Curves (Continued) 


1000 


Voce = 240V, Voge = 10V 


Vee = 240V, Veg = 15V 


Voce = 480V, Ver = 10V 
Voce = 480V, Vee = 15V 


to(orry, TURN-OFF DELAY (ns) 


100 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 9. TURN-OFF DELAY vs COLLECTOR-EMITTER 
CURRENT 


\ 


lec, EMITTER-COLLECTOR CURRENT (A) 


0 0.2 


04 06 #08 10 12 14 #16 1.8 
Vec, EMITTER-COLLECTOR VOLTAGE (V) 


FIGURE 11. TYPICAL DIODE EMITTER-TO-COLLECTOR VOLTAGE 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device 
performance for a specific application. Other typical 
frequency vs collector current (Ice) plots are possible using 
the information shown for a typical unit in Figures 7, 8 and 9. 
The operating frequency plot (Figure 10) of a typical device 
shows fax OF fyaxe Whichever is smaller at each point. The 
information is based on measurements of a typical device 
and is bounded by the maximum rated junction temeprature. 


fMax4 is defined by fax = 0.05/tp(oFF)- to(OFF)I deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are 
possible. toorr) is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


NOTE: 
Pp = ALLOWABLE DISSIPATION Po = CONDUCTION DISSIPATION 
10 === Sere ae see 


fuax1 = 0.052p(OFF) 
tMax2 = (Pp - PcYWorr 
Po = DUTY FACTOR = 50% 
Roc = 1.67°C/W 


Voge = 480V, Veg = 10V AND 15V L | 
Voge = 480V, Vag = 10V AND 15V ri; | 


tT LTE We 


30 


fop, OPERATING FREQUENCY (kHz) 
wh, 
oe 


10 
Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
EMITTER CURRENT AND VOLTAGE 


eT el 
a ill 
a al 
a ell 
Hl 
ill 
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ill 


t, RECOVERY TIMES (ns) 
& 
°o 


—| LL 
TTI eT TT 
ei tT 
tt 1 


1 100 
lec, ainetenieces CURRENT (A) 


FIGURE 12. TYPICAL tpp, ta, tg Vs FORWARD CURRENT 


frequency limiting condition for an application other than 
Tymax: tp(orry is important when controlling output ripple 
under a lightly loaded condition. 


fMaxe is defined by fMaxe = (Pp = Po)/Worr The allowable 
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Reic. The 
sum of device switching and conduction losses must not 
exceed Pp. A 50% duty factor was used (Figure 10) so that 
the conduction losses (Pc) can be approximated by Pc = (Vce 
X Io¢e)/2. Wore is defined as the sum of the instantaneous 
power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero 
(log - OA). 


The switching power loss (Figure 10) is defined as fyyax4 X 
Worf Turn on switching losses are not included because 
they can be greatly influenced by external circuit conditions 
and components. 
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ARRIS 


SEMICONDUCTOR 


GD ! HGTG20N50C1D 


20A, 500V N-Channel IGBT 


December 1993 with Anti-Parallel Ultrafast Diode 
Features Package 
¢ 20 Amp, 500 Volt JEDEC STYLE TO-247 
TOP VIEW 

¢ Latch Free Operation 
¢ Typical Fall Time < 500ns 

COLLECTOR 
¢ High Input Impedance COUETAL) 


e Low Conduction Loss 
With Anti-Parallel Diode 


* thr <60ns Terminal Diagram or Symbol 
Description ‘ 
The IGBT is a MOS gated high voitage switching device 
combining the best features of MOSFETs and bipolar 
transistors. The device has the high input impedance of a 
MOSFET and the low on-state conduction loss of a bipolar ° 
transistor. The much lower on-state voltage drop varies only 
moderately between +25°C and +150°C. The diode used in : 
parallel with the IGBT is an ultrafast (tap < 60ns) with soft 
recovery characteristic. 
IGBTs are ideal for many high voltage switching applications 
operating at frequencies where low conduction losses are 
essential, such as: AC and DC motor controls, power 
supplies and drivers for solenoids, relays and contractors. 
This type is supplied in the JEDEC style TO-247 package. 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
HGTG20N50C1D UNITS 
Coliector-Emittor Voltage «ois ssies <dis dae pelle ease eee tek we dayne eos ES Nae bees BVces 500 V 
Collector-Gate Voltage Reg = 1MQ 2... cece ccc cece cece tence eee eeees BVoccar 500 V 
Collector Current Continuous at To = +25°C 0... ccc cee eee cee eee eee eeees loos 26 A 
at To = FOO? ase ant nyc sawn oR geeethagin aad ees loso 20 A 

Collector Current Pulsed (Note 1) 2.0... .. ce cece cece cece e cece teen ete seeeeeres lom 35 A 
Gate-Emitter Voltage Continuous. 2.2... ccc cece eect e tee eeeeanes Voces +20 V 
Diode Forward Current at Tp = 425°C... ccc ccc cece eee eee e eset eeeentes lro5 26 A 

Gt RAG0S xs wpect sca cediandasdnientseeusenkare leoo 20 A 
Power Dissipation Total at Tg = +25°C 2... ck eee ccc cece eee eee eee e cence Pp 75 Ww 
Power Dissipation Derating To > +25°C. 1. ce ec cece cece ee cee etre eee eteeeaes 0.8 WPC 
Operating and Storage Junction Temperature Range ...........cee cece ween eee Ty, Tstg ~55 to +150 °C 
Maximum Lead Temperature for Soldering .......... 0. cece cee cee ee cette eee eceace TL 260 °C 


NOTE: 1. Ty = +150°C, Minimum Reg = 252 without latch 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 3-106 


File Number 2796.2 


Specifications HGTG20N50C1D 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS 


Zero Gate Voltage Collector Current logs Voge = 500V 

To = +125°C, Vog = 500V 
Gate-Emitter Leakage Current | tees [Vee =#20V,Vce=0V 
Collector-Emitter On-Voltage VcE(sar) : 


< 


lo _ 35A, Voce = 20V 


lo = 20A, VcE(CLP) = 300V, Le 25yH, 
Ty = +100°C, Voce = 10V, Re = 250 


Turn-Off Delay Time tovworry 


Turn-Off Energy Loss Per Cycle (Off Switching Woerr Io = 20A, Veep) = 300V, L = 25yH, 
Dissipation = Worr x Frequency) Ty = +100°C, Vee = 10V, Rg = 250 


lec = 20A 
lec = 20A, dieg/dt = 100A/ps 


iGBTs 


o 


100 


80 


60 


40 


RATED POWER DISSIPATION (%) 


20 


NORMALIZED GATE THRESHOLD VOLTAGE (V) 


0 +25 +50 +75 +150 +100 +125 +150 -50 0 +50 +100 +150 
Tc, CASE TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 1. POWER DISSIPATION vs TEMPERATURE FIGURE 2. TYPICAL NORMALIZED GATE-THRESHOLD 
DERATING CURVE VOLTAGE vs JUNCTION TEMPERATURE 
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HGTG20N50C1D 


Typical Performance Curves (Continued) 


Ice, COLLECTOR CURRENT (A) 


Ice, COLLECTOR CURRENT (A) 


Vege = 10V, PULSE TEST 
PULSE DURATION = 801s 
DUTY CYCLE = 0.5% MAX 


0 2.5 5.0 7.5 10 
Vge, GATE-TO-EMITTER VOLTAGE (V) 


FIGURE 3. TYPICAL TRANSFER CHARACTERISTICS 


Vg = 10V, PULSE TEST 
PULSE DURATION = 80s 
DUTY CYCLE = 0.5% MAX 


Vce, COLLECTOR-TO-EMITTER ON VOLTAGE (V) 


FIGURES. TYPICAL COLLECTOR-TO-EMITTER ON-VOLTAGE 
vs COLLECTOR CURRENT 


VcE(ON) COLLECTOR-EMITTER VOLTAGE (V) 


et 


ad Ee SST ES a 
er a 


+50 +75 +100 +125 +150 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 7. TYPICAL Vcgion VS TEMPERATURE 


3-108 


Ice, COLLECTOR CURRENT (A) 


0 1 2 3 4 5 
Veg, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 4. TYPICAL SATURATION CHARACTERISTCS 


fice | 
TERRE 
NEC 


ee 


C, CAPACITANCE (pF) 


Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 6. CAPACITANCE vs COLLECTOR-TO-EMITTER 
VOLTAGE 


400 


Ic = 20A, Vee = 10V, Voe(cLp) = 300V 
L = 25H, Rg = 250 


tp(oFF) SWITCHING TIME (ns) 
nN 
S 


+100 
Ty, JUNCTION TEMPERATURE (°C) 


+150 


FIGURE 8. TYPICAL TURN-OFF DELAY TIME 


HGTG20N50C1D 


Ic = 10A, Vge = 10V, VoecLp) = 300V ae 
L = 25yH, Rg = 250 a 


Typical Performance Curves (Continued) 


| i — 
WwW =} Veecdt 
ine oF =J lc * Vee ss 
~<«— V 
h—<—Yvoe | Jef | |] 


tr, FALL TIME (ns) 


+25 +50 +75 +100 +125 +150 
Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 10. TYPICAL FALL TIME (I, = 10A) 


IGBTs 


tr), FALL TIME (ns) 
Wore: TURN OFF ENERGY (mJ) 


+25 +50 +75 +100 +125 +150 +25 +50 +75 +100 +125 +150 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 11. TYPICAL FALL TIME (Ic = 20A) FIGURE 12. TYPICAL CLAMPED INDUCTIVE TURN-OFF 


SWITCHING LOSS/CYCLE 


. 1 
“VT T AT TT” 
s [LI ARBRE MiP 
Yost! Yoxe \ | | Fa = 
= VP EMITTER “YW : Ww 
3 VOLTAGE WW N= 6 2 £ | 
# So 
E J = on ae tet 
: NV Ig(REF) = 0.76mA i _ E f He eel 
F125 ey | VE = 10V i ; rn o ee atill u 
Jf \\\eouectoncwmrervouraceg! J | é =o : 
8 PMA ET Ta, 3 
> IG(REF) lq(REF) 
a TIME (us) 807 


lec, EMITTER-COLLECTOR CURRENT (A) 
NOTE: For Turn-Off gate currents in excess of 3mA. Veg Turn-Off 
is not accurately represented by this normalization. 
FIGURE 13. NORMALIZED SWITCHING WAVEFORMS AT CON- FIGURE 14. TYPICAL tpn, ta, tg vs FORWARD CURRENT 
STANT GATE CURRENT (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 
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HGTG20N50C1D 


Typical Performance Curves (Continued) 


(I 


Nill 


(v) LNSYUND HOLDS TION-Y3LLINA ‘93} 


Vec, EMITTER-COLLECTOR VOLTAGE (V) 
FIGURE 15. FORWARD VOLTAGE vs FORWARD CURRENT CHARACTERISTIC 
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Test C 


Ry = 4Q 
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= /Reen + 1/Ree 


WRe 


Twwwnawenwaewnnawwwaawae 


Vee (CLP) = | 
300V 


Reen = 502 


eevee eaeevesanaveen 


FIGURE 16. INDUCTIVE SWITCHING TEST CIRCUIT 
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HGTH20N40C 1D, HGTH20N40E1D 
HGTH20N50C1D, HGTH20N50E1D 


20A, 400V and 500V N-Channel IGBTs 


FARRIS 


SEMICONDUCTOR 


December 1993 with Anti-Parallel Ultrafast Diodes 
Features Package 
e 20 Amp, 400 and 500 Volt JEDEC TO-218AC 
TOP VIEW 


. VcE(ON) 2.5V Max. 
° Trait 118, 0.58 
¢ Low On-State Voltage COLLECTOR ? 
e¢ Fast Switching Speeds as oo 

¢ High Input Impedance 

e Anti-Parallel Diode 


COLLECTOR 


GATE 


Applications 


¢ Power Supplies Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


e Motor Drives 
¢ Protective Circuits 


Description ° 
The HGTH20N40C1D, HGTH20N40E1D, HGTH20N50C 1D, 
and HGTH20N50E1D are n-channel enhancement-mode G 
insulated gate bipolar transistors (IGBTs) designed for high 
voltage, low on-dissipation applications such as switching 
regulators and motor drivers. They feature a discrete anti- E 
parallel diode that shunts current around the IGBT in the 
reverse direction without introducing carriers into the 
depletion region. These types can be operated directly from 
low power integrated circuits. 
They are supplied in the JEDEC TO-218AC plastic package. 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
HGTH20N40C1D HGTH20N50C1D 
HGTH20N40E1D HGTH20N50E1D UNITS 

Collector-Emitter Voltage... 0... ccc ccc eee eee erence neces Voces 400 500 V 
Collector-Gate Voltage Reg = 1MQ.... cece cee ee ee eee eee Vocr 400 500 V 
Gale-Eminer VONA0e svan's order eu ote atte’ meaataeaeee pean we eN ew Voce +20 +20 Vv 
Collector Current ContinuouS.. 2.0.2... 0... cece eee teen eee e eae lo 20 20 A 
Collector Current Pulsed ........... 0.00 cee eeeeeeeeees noice eons lo 35 35 A 
Diode Forward Current Continuous at To = +25°C 2... eee cee eee ee lros 35 35 A 

at Ty = POOSGS 3 ted a eee te as eae Seige tals l-90 20 20 A 
Power Dissipation Total at Tp = +25°C .......... ee an Eo ee ee Tas Pp 100 100 Ww 
Power Dissipation Derating To > +25°C. 0... ccc ee eee tence neces 0.8 0.8 WC 
Operating and Storage Junction Temperature Range................ Ty, Tste -55 to +150 -55 to +150 °C 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


Copyright © Harris Corporation 1993 


File Number 2271.3 


Specifications HGTH20N40C1D, HGTH20N40E1D, HGTH20N50C1D, HGTH20N50E1D 


Electrical Specifications To = +25°C, Unless Otherwise Specified 


LIMITS 


HGTH20N40C1D, 
HGTH20N40E1D 


HGTH20N50C1D, 
HGTH20N50E1D 


PARAMETERS SYMBOL 


Zero Gate Voltage Collector Current loes 


TEST CONDITIONS 


UNITS 


BN 


b 
o 


= 
> 


pA 


1000 


A 


=} 


Collector-Emitter On Voltage VcE(ON) 


Fall Time te 


on 


i¢%) 


: ~ 
DN) 


6 (typ) 


33 (typ) 


6 (typ) V 


33 (typ) 


nc 


lo = 20A, Vce(cLP) = 300V, 
L = 25yH, Ty = +100°C, 
Vee = 10V, Reg = 250 


Oo 


SS 
OQ 
© 


400 


40E1D, 50E1D 680 (typ) | 680 (typ) 1000 


40C01D, 50C1D 


H 


400 (typ 400 (typ 


~— 


Turn-Off Energy Loss per Cycle (Off 
Switching Dissipation = 
Woer X Frequency) 


Io = 20A, VcE(CLP) = 300V, 
L = 25pH, T, = +100°C, 
Vee = 10V, Re = 252 


Wore 
40E1D, 50E1D 1810 (typ) 


40C1D, 50C1D 1070 (typ) 


| Thermal Resistance Junction-to-Case | Rajc Po pe | 125 
Diode Forward Voltage Vec lec = 20A Eee 
Diode Reverse Recovery Time lec = 20A, dlep/dt = 100A/is p= | 100 | 


S 
= 


af < 
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HGTH20N40C1D, HGTH20N40E1D, HGTH20N50C 1D, HGTH20N50E1D 


Typical Performance Curves 


Ice, COLLECTOR CURRENT (A) 


-25 425 450 +75 +100 4125 +150 +175 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 1. MAX. SWITCHING CURRENT LEVEL. Rg = 500, 
Vee = OV ARE THE MIN. ALLOWABLE VALUES 


NORMALIZED GATE THRESHOLD VOLTAGE (V) 


+50 +100 +150 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 3. TYPICAL NORMALIZED GATE THRESHOLD VOLT- 
AGE vs JUNCTION TEMPERATURE 


Vee = 20V 
Vge = 10V 
Voge = 8V 
Voge =7V 
Voce = 6V 
Voge = 5V 


Voge = 4V 


Ice, COLLECTOR CURRENT (A) 


a COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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RATED POWER DISSIPATION (%) 


+50 +75 +100 +125 
Tc, CASE TEMPERATURE (°C) 


FIGURE 2. POWER DISSIPATION vs TEMPERATURE DERATING 
CURVE 


+150 


35 . 
Voce = 10V, PULSE TEST 


30 PULSE DURATION = 80ys 


25 


” 
- 
a 
o 


Ice, COLLECTOR CURRENT (A) 


2.5 5.0 7.5 
Vce, GATE-TO-EMITTER VOLTAGE (V) 


FIGURE 4. TYPICAL TRANSFER CHARACTERISTICS 


DUTY CYCLE = 0.5% MAX 


ice, COLLECTOR CURRENT (A) 


VcE(oNn» COLLECTOR-TO-EMITTER ON VOLTAGE (V) 


FIGURE6. TYPICAL COLLECTOR-TO-EMITTER ON-VOLTAGE 
vs COLLECTOR CURRENT 


HGTH20N40C1D, HGTH20N40E1D, HGTH20N50C 1D, HGTH2Z0NS50E1D 


Typical Performance Curves (continued) 


Io = 20A, Veg = 10V - 


= 


ee 


C, CAPACITANCE (pF) 


1.75 


VcE(ON) COLLECTOR-EMITTER VOLTAGE (V) 
id 
iS 
oa 


; 1.50 
0 10 20 30, 40 50 +25 +50 +75 +100 +125 +150 
Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 7. CAPACITANCE vs COLLECTOR-TO-EMITTER FIGURE 8. TYPICAL VcE(on) vs TEMPERATURE 
VOLTAGE 


400 7 


ic = 20A, Vee = 10V, VcE(CLP) = 300V 


orr=Jic* Vcgdt 
| L = 25uH, Rg = 252 — 


to(orRI» TURN OFF DELAY TIME (ns) _ 


| | 


+25 +50 +75 +100 +125 +150 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. TYPICAL TURN-OFF DELAY TIME FIGURE 10. TYPICAL INDUCTIVE SWITCHING WAVEFORMS 


800 
Ic = 10A, Veg = 10V, VcE(CLP) = 300V 
L = 25H, Rg = 250 | , 700 | L= 25uH, Rg = 252 


40E1D/50E1D 


— 


tr), FALL TIME (ns) 
tr), FALL TIME (ns) 
-~ 
8 


0 : : 
+25 +50 +75 +100 4125 +150 +25 +50 +75 +100 +4125 +150 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 11. TYPICAL FALL TIME (Ic = 10A) FIGURE 12. TYPICAL FALL TIME (I, = 20A) 


3-114 


HGTH20N40C1D, HGTH20N40E1D, HGTH20N50C 1D, HGTH20N50E1D 


Typical Performance Curves (Continued) 


1000 500 


10 
V 10V, V = 300V 

J 900) La 25H, Rg = 260 ane a Te = Wh i | 

ies a ae ; 
YQ 800 Ww 375 — | YA GATE || | = 
e 700 a ee oa rs V4 A I A ea ——— wy 
> ° > = 
7 —_ S 6 =< 
2 so ae a oe aA es : 
= 500 20A, 4001D/50C1 oss iz a 
ua. = uu 
o 400}, aaa = L= iE 
> oc Ig(REF) = 0.76mA = 
mi. eee 2 425 Voge = 10V us 
~ oO 2s: 
«200 bs < 
i — 40C1D/50C1D = pe 
= 100 3} i 
« 0 > 

0 a ee aS lq(REF) IG(REF) 
+2 +75 +100 +125 +150 20 ‘each, TIME (us) 80 ‘leace, 
pi JUNCTION TEMPERATURE (°C) 
NOTE: For Turn-Off gate currents in excess of 3MA. Veg Turn-Off 
is not accurately represented by this normalization. 

FIGURE 13. TYPICAL CLAMPED INDUCTIVE TURN-OFF FIGURE 14. NORMALIZED SWITCHING WAVEFORMS AT CON- 


SWITCHING LOSS/CYCLE STANT GATE CURRENT (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 


TYPICAL REVERSE RECOVERY TIME be el 


” 
wa 
a 
S 


Ty = +150°C 
| | 


Ty = +100°C 
digc/dt = 100A/is 
Vr = 30V, Ty = +25°C 


tan, REVERSE RECOVERY TIME (ns) 


lec, EMITTER COLLECTOR CURRENT (A) 


04 06 O8 10 12 14 #16 18 20 0 2 4 6 8 0 12 14 16 «18 ~ «20 


Vec, EMITTER-COLLECTOR VOLTAGE (V) lec, EMITTER-COLLECTOR CURRENT (A) 
FIGURE 15. TYPICAL DIODE EMITTER-COLLECTOR FIGURE 16. TYPICAL DIODE REVERSE RECOVERY TIME 
VOLTAGE vs CURRENT 


Test Circuit 


Ry = 4Q 


L = 25nH 


Vec = 
1/Rg = /Roen + Roe ce 100V 


twwawwnaantmaewvanwnawawawa, 


} Vce(cLre)= = 
300V 


QMuewmawenaneseavea 


Tuvan wt 


FIGURE 17. INDUCTIVE SWITCHING TEST CIRCUIT 
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FARRIS 


SEMICONDUCTOR 


December 1993 


Features 


e 24 Amp, 600 Volt 

e Latch Free Operation 
Typical Fall Time <500ns 
e Low Conduction Loss 
With Anti-Paraliel Diode 
° tear < 60ns 


Description 


The IGBT is a MOS gated high voltage switching device 
combining the best features of MOSFETs and bipolar 
transistors. The device has the high input impedance of a 
MOSFET and the low on-state conduction loss of a bipolar 
transistor. The much lower on-state voltage drop varies only 
moderately between +25°C and +150°C. The diode used in 
parallel with the IGBT is an ultrafast (tag < 60ns) with soft 
recovery characteristic. 


The IGBTs are ideal for many high voltage switching applica- 
tions operating at frequencies where low conduction losses 
are essential, such as: AC and DC motor controls, power 
supplies and drivers for solenoids, relays and contactors. 


This type is supplied in the JEDEC style TO-247 package. 


HGTG24N60D1D 


24A, 600V N-Channel IGBT 
with Anti-Parallel Ultrafast Diode 


Package 
JEDEC STYLE TO-247 
TOP VIEW 
COLLECTOR — PeMrEn 
(BOTTOM SIDE 
METAL) | > COLLECTOR 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Cc 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specific 


Collector-Emitter Voltage ... 0.0... 0. ccc ccc eee cece ence ees 
Collector-Gate Voltage Reg = 1MQ..... cece ce eee eee 
at Tc = 15's ORCS et ee 
al Te = 490°C ssee ris etisesas 
Collector Current Pulsed (Note 1) ........... cece eee eee ee eens 
Gate-Emitter Voltage Continuous. ........ 0... cc cece eee eee ees 
Switching Safe Operating Area at T) =+150°C ..............000- 
Diode Forward Current at To =+25°C.. 0. ec ee ec e eee ees 

at Te = POOTG ioe Sin nid actin Ride waa van 
Power Dissipation Total at To = +25°C 2.0... cece cee eee 
Power Dissipation Derating To > +25°C. oo. eee eee ee eee eee 
Operating and Storage Junction Temperature Range............. 
Maximum Lead Temperature for Soldering ............0.0eeeaee 


Collector Current Continuous 


(0.125 inch from case for 5 seconds) 


NOTE: 1. Repetitive Rating: Pulse width limited by maximum junction temperature. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


4,364,073 4,417,385 4,430,792 4,443,931 
4,587,713 4,598,461 4,605,948 4,618,872 
4,641,162 4,644,637 4,682,195 4,684,413 
4,794,432 4,801,986 4,803,533 4,809,045 
4,860,080 4,883,767 4,888,627 4,890,143 
4,969,027 
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File Nuno: 2797.3 


HGTG24N60D1D UNITS 
verre BVces 600 Vv 
aceon BVccr 600 Vv 
ee re ls 40 A 
err: leas 24 A 
Sheteesacss leu 96 A 
ees VoEs 425 V 
cece eveeee SSOA 60A at 0.8 BVces - 
Sere = 40 A 
era les 24 A 
seid anietieest Pp 125 Ww 
aia tiaew as ecae tee 1.0 WPC 
eS or arererer ole Ty, Tstq -55 to +150 °C 
ree Ty, 260 °C 
4,466,176 4,516,143 4,532,534 4,567,641 
4,620,211 4,631,564 4,639,754 4,639,762 
4,694,313 4,717,679 4,743,952 4,783,690 
4,809,047 4,810,665 4,823,176 4,837,606 
4,901,127 4,904,609 4,933,740 4,963,951 


Specifications HGTG24N60D1D 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 


PARAMETERS UNITS 


N 


BOOUED 


To = +125°C 


lo = 250pA, To= +25°C 
Voce = Vee 


Veg = 120V 
Vcep | lo = logo. Voe = 0.5 BVceEs 


lc = legos 
Voce = 0.5 BVces 


S 
Q 


L= 500yH, Ic = logo, Re = 25Q, 
| Voge = 15V, Ty = +150°C, 
Voce = 0.8 BV ces 


2] 
- 
mM 
o 


5S 
oe) 


= 
i V 
<= 
= 
= 
= 
= 
Cm] 


Thermal Resistance Diode 


Diode Forward Voltage 


max | 
bed 
[0 | 
| 50 | 
| 23 
i328 
+500 
= 
Le 
| 200 | re 
a 
=a 
| 900 | 
| 600 | 
Le] 
Com 
[180 
Lf 


ale 


Diode Reverse Recovery Time 


NOTE: 1. Turn-off Energy Loss (Wor) is defined as the integral of the instantaneous power loss starting at the trailing idge of the input pulse and 
ending at the point where the collector current equals zero (Ic¢g = OA) The HGTG24N60D1D was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. 


Typical Performance Curves 


40 PULSE DURATION = 250y8 


DUTY CYCLE < 0.5%, Tg = +25°C 
PULSE DURATION = 250ys 
DUTY CYCLE < 0.5%, Vcg = 15V 


30 
20 


10 


Ice, COLLECTOR-EMITTER CURRENT (A) 
ioe, COLLECTOR-EMITTER CURRENT (A) 


0 1 2 3 4 5 


Vge, GATE-TO-EMITTER VOLTAGE (V) Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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Typical Performance Curves (continued) 


Voce = 480V, Voge = 10V AND 15V, =— 


Ty = +150°C, Rg = 25Q, L = 500yH 


| 
7 ie li mes 
ia = at 2 RE 


ice, COLLECTOR CURRENT (A) 
te, FALL TIME (ns) 
wn 
r=} 
°o 


ii eG, 


+25 +50 +75 +100 +125 +150 40 
Tc, CASE TEMPERATURE (°C) Ices ecuietaneuiaen EOaREN (A) 


FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 


600 10.0 
= 
WW 
5000 ws = 
450 7.5 w 
G rs) g 
‘6, 4000 > a 
7 or fe) 
oO Ww ~ 
z = rd 
< 3000 = 300 m 5.0 wi 
5 ry 0.75 BVces 0.75 BVces E 
a sane S 0.50 BVces 0.50 BVces ih 
) 3) 0.25 BVcgs 0.25 BVces Ww 
3) 44450 25 ¢ 
ond 
1000 8 R, = 300 Ww 
- Ig(REF) =1.83mA Ss 
& Voge = 10V 
) IG(REF) TIME (11s) 80 REF) 
-G(REF) r GAREF) 
Vog, COLLECTOR-TO-EMITTER VOLTAGE (V) Igcact - Ig(act) 


FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 
STANT GATE CURRENT (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 


7.00 > : 
ee esl Ty = +150°C, Rg = 250, 


| gl 
2 ee _| 
Lu 

Pind S 
7 2 ae 
Ss 5 1.00 aT SE 
P4 = aes eee 
[@) = EY 
Ee = a a 
rs ic ee 
5 i Pelee 
; 3 oc 
uy £ 0.10 = 
8 E = 
0 > 1 
0.05 oa 

1 10 40 


Voge, COLLECTOR-EMITTER CURRENT (A 
i (A) log, COLLECTOR-EMITTER CURRENT (A) 


FIGURE7. SATURATION VOLTAGE vs COLLECTOR-EMITTER FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
CURRENT EMITTER CURRENT 
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Typical Performance Curves (Continued) 


1300 


1200 5 
1100 
1000 


to(orFy» TURN-OFF DELAY (ns) 


Ty = +150°C 
Ree = 25Q 
L = 500yH 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 9. TURN-OFF DELAY vs COLLECTOR-EMITTER 
CURRENT 


100 


10 


1.0 


lec, EMITTER-COLLECTOR CURRENT (A) 


0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 
Vec, EMITTER-COLLECTOR VOLTAGE (V) 


FIGURE 11. FORWARD VOLTAGE vs FORWARD CURRENT 
CHARACTERISTIC 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Ice) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fyay; or 
fuaxe whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fMax4 is defined by fuaxi = 0.05/tp(oFF)I- to(orF)! deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are possible. 
tp(oFF) is defined as the time between the 90% point of the 
trailing edge of the input pulse and the point where the 
collector current falls to 90% of its maximum value. Device 


Ty = +150°C, Tg = +100°C, Reg = 25, L = 500uH 


fuaxt = 0.05/tp(OFF) 
fMax2 = (Pp - Pc Worr 

Po = DUTY FACTOR = 50% 
Rajc = 1.0°C/W 


Vee = 480V, Veg = 10V, 15V 
Voge = 240V, Veg = 10V, 15V 


fop, OPERATING FREQUENCY (KHz) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


NOTE: 
Pp = ALLOWABLE DISSIPATION Pc = CONDUCTION DISSIPATION 
FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
EMITTER CURRENT AND VOLTAGE 


ee 
a al 


ee eal 
aes | 
peer | LTT 
ttt iit 
nail a 


lec, EMITTER-COLLECTOR CURRENT (A) 


t, RECOVERY TIMES (ns) 


FIGURE 12. TYPICAL tgp, ta, tg vs FORWARD CURRENT 


turn-off delay can establish an additional frequency limiting 
condition for an application other than Tyyax- toiorry is 
important when controlling output ripple under a lightly loaded 
condition. 


fuaxe is defined by fMaxe = (Pp - Pc)/Worr The allowable 
dissipation (Pp) is defined by Pp = (Tyyax - Tc)/Rajc. The sum 
of device switching and conduction losses must not exceed Pp. 
A 50% duty factor was used (Figure 10) and the conduction 
losses (Pc) are approximated by Pc = (Vcg @ Iog)/2. Wore is 
defined as the integral of the instantaneous power loss starting 
at the trailing edge of the input pulse and ending at the point 
where the collector current equals zero (Ice = OA). 


The switching power loss (Figure 10) is defined as fyaxo ¢ Worr 
Turn-on switching losses are not included because they can be 
greatly influenced by external circuit conditions and components. 
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SELECTION GUIDE .................... 


GENERAL PURPOSE DIODE DATA SHEETS 


1N4245, 1N4246, 1A, 200V - 1000V Diodes 
1N4247, 1N4248, 
1N4249 


1N5059, 1N5060, 1A, 200V - 800V Diodes 
1N5061, 1N5062 


1N5624, 1N5625, 3A, 200V - 800V Diodes 
1N5626, 1N5627 


A14A, A14C, A14E, 1A, 50V - 1000V Diodes 
A14F, A14P 


Ce | 


ee ee ee} 


Ce | 


A15A, A15F BA; SOV 100V DIOdSS acute o wands leges sy eedinetiod cacao iebea ee eeneend 
A114 Series VA OOW = GOOV DIQK OS: ites. ons cach 4b nied eat ee ava nnd a dK Alita GARE hoa ew eee ea 
A115 Series SA; OOV'=:GOOV DI0d6S 5.6 ice hae sey eaedee eerste be weccare eet naetwaviees 
DB1 Series 1A, 50V - 1000V Single-Phase Full-Wave Bridge Rectifiers ................. 2. ceeeee 
GER4001 thru 1A, SOV = 1O00V DIOdGS: ovens ela sy iere Sah Cea oh vaca eee ada eR 
GER4007 
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Selection Guide 


HARRIS STANDARD AND FAST RECOVERY RECTIFIER PRODUCT LINE 


AL-3 BR-4 


a ce 


J eenicor | arrer ar 
Re! GER4002 A114A A15A 
ee a 


lF(ava) IF(ava) 


A115F DB1F 


A115A DB1A 


A115B DBiB 


200V 1N5059 1N4245 GER4003 A114B 1N5624 
400V IN5060 | 1N4246 GER4004 A114D 1N5625 
600V 1N5061 1N4247 GER4005 A114M 1N5626 


1N5627 


A115C 


A115D - DBID 


A115E 


A115M DB1iM | 
DBiN 


DBiP 


0.15/0.25 
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marmris 1N4245, 1N4246, 1N4247 
sHminoanenTan 1N4248, 1N4249 


December 1993 1A, 200V - 1000V Diodes 
Features Package 
¢ High-Temperature Metallurgically Bonded, No Com- JEDEC STYLE DO-204 
pression Contacts as Found in Diode-Constructed TOP VIEW 
Rectifiers 


Glass-Passivated Junction 


1A Operation at T, = 55°C with No Thermal Runaway 

° Typical Reverse Current Less than 0. 5,A —r_ >?! —— 
¢ Exceeds Environmental Standard of MIL-STD-19500 

Hermetically Sealed Package 


High-Temperature Soldering Guaranteed: 350°C/10s/ 
0.375 in. (9.5 mm) Lead Length 


Description 


The 1N4245, 1N4246, 1N4247, 1N4248, and 1N4249 are Ss 
glass-passivated “transient voltage protected”, silicon rectifi- | OY! mbol 
ers intended for general-purpose applications. 


These rectifiers will dissipate up to 1000 watts in reverse 
direction without damage. Voltage transients generated by 
household or industrial power lines are dissipated. 


These rectifiers are supplied ina JEDEC style DO-204 package. 


un) 
Lu 
A: 
ZO 
Lu Li 
zw 
i O 
Oo 
oc 
=) 
a 


Absolute Maximum Ratings Supply Frequency of 60Hz, Resistive or Inductive Loads (Note 1) 
1N4245 1N4246 1N4247 1N4248 1H4249 UNITS 


Maximum Peak (Repetitive) Reverse Voltage ......... Varn 200 400 600 800 1000 Vv 
Maximum RMS Input (Supply) Voltage 

For Resistive or inductive Loads. ...............6. Vrms 140 280 420 560 700 V 
Maximum DC Reverse (Blocking) Voltage........... Voc) 200 400 600 800 1000 V 
Maximum Average Forward Current 

For Resistive or Inductive Loads,T, = 55°C ............ lo 1 1 1 1 1 A 


Maximum Peak Surge (Non-Repetitive) Forward Current 
For 8.3ms Half Sine Wave, Superimposed on Rated Load, 


Wins 50: Cy ec Boreas Ga arineeaeaa eee ese harks lesM 50 50 50 50 50 A 
Operating Temperature Range...................++ Top €6510+160 -65to+160 -651t0+160 -65to+160 -65to+160 °C 
Storage Temperature Range ............... eee eee Tstg 65t0+200 -65to+200 -65to+200 -65to+200 -65to+200 °C 
NOTE: 


1. In accordance with JEDEC registration format. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2093.1 
Copyright © Harris Corporation 1993 4-3 


Specifications 1N4245, 1N4246, 1N4247, 1N4248, 1N4249 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 
LIMITS FOR ALL TYPES 


| Maximum Instantaneous Forward-Voltage Drop (at 1A) (Note 1) ae ce 


Maximum Reverse Current: (Note 1) 


At Maximum DC Reverse (Blocking) Voltage, T, = +25°C 


At Maximum DC Reverse (Blocking) Voltage, Ty = +125°C 


At Average Full-Cycle, Lead Length = 0.375 in. (9.5mm), 
Tp = 55°C 


Junction Capacitance (at 1MHz and Applied Reverse Voltage = 4V) 


NOTE: 
1. In accordance with JEDEC registration format. 


Typical Performance Curves 


50 


SINGLE-PHASE 
HALF-WAVE, 60Hz 
RESISTIVE OR 
INDUCTIVE LOAD 
0.375” (9.5MM) 
LEAD LENGTHS 


40 


| Ty= +55°C 
8.3MS SINGLE HALF-WAVE 
> JEDEC METHOD 


30 


20 


FORWARD CURRENT (A) 


10 


Irjava), AVERAGE FORWARD CURRENT (A) 
Ipsum, PEAK SURGE (NON-REPETITVE) 


25 50 75 100 125 150 175 200 


T,, LEAD TEMPERATURE (°C) N, NUMBER OF CYCLES AT 60Hz SINE WAVE 
FIGURE 1. MAXIMUM AVERAGE FORWARD OUTPUT FIGURE 2. MAXIMUM PEAK SURGE (NON-REPETITIVE) 
CURRENT CHARACTERISTIC FORWARD CURRENT CHARACTERISTIC 


1N4245, 1N4246, 1N4247, 1N4248, 1N4249 


Typical Performance Curves (Continued) 
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1.4 


300s 
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PULSE DURATION = 
DUTY FACTOR = 2% 


0.0 


PERCENT OF PEAK REPETITIVE REVERSE VOLTAGE 


FIGURE 4. TYPICAL REVERSE LEAKAGE CURRENT 
CHARACTERISTICS 


CHARACTERISTIC 


FIGURE 3. TYPICAL INSTANTANEOUS FORWARD CURRENT 
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FIGURE 5. TYPICAL JUNCTION CAPACITANCE CHARACTERISTIC 


FARRIS 


SEMICONDUCTOR 


aD 


December 1993 


Features 


¢ High-Temperature Metallurgically Bonded, No Com- 
pression Contacts as Found in Diode-Constructed 
Rectifiers 


¢ Glass-Passivated Junction 

° 1A Operation at T, = 100°C with No Thermal Runaway 
e Low Reverse Current 

¢ Exceeds Environmental Standard of MIL-STD-19500 
Hermetically Sealed Package 


¢ High-Temperature Soldering Guaranteed: 300°C/10s/ 
0.375 in. (9.5 mm) Lead Length 


Description 


The 1N5059, 1N5060, 1N5061, and 1N5062 are glass-pas- 
sivated “transient voltage protected,” silicon rectifiers 
intended for general-purpose applications. 


These rectifiers will dissipate up to 800 watts in reverse | 


direction without damage. Voltage transients generated by 
household or industrial power lines are dissipated. 


These rectifiers are supplied in a JEDEC style DO-204 pack- 


Absolute Maximum Ratings Supply Frequency of 60Hz, Resistive or Inductive Loads 


Maximum Peak (Repetitive) Reverse Voltage (Note 1) ............. 


Maximum RMS Input (Supply) Voltage 


For Resistive or Inductive Loads. .......... 00. e cece eee ceeaee 
Maximum DC Reverse (Blocking) Voltage (Note 1)......... Satedes 


Maximum Average Forward Current (Note 1) 


For Resistive or Inductive Loads, Ty = +75°C............00000. 


Maximum Peak Surge (Non Repetitive) Forward Current (Note 1) 


For 8.3ms Half Sine Wave, Superimposed on Rated Load ........ 


Operating Junction and Storage Temperature Range............ 
NOTE: 


1. In accordance with JEDEC registration format. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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1N5059, 1N5060 
1N5061, 1N5062 


1A, 200V - 800V Diodes 


Package 


JEDEC STYLE DO-204 
TOP VIEW 


ANODE J CATHODE 


~ 


Symbol 


1N5059  1N5060 —1N5061 1N5062 UNITS 
Varm 200 400 600 800 Vv 
Vams 140 280 420 560 V 
Vaioc) —-200 400 600 800 V 
avrels 1 1 1 1 A 
clea 80 50 50 50 A 
Tj, Tstg 65t0+175 -6510+175 -651t0+175 -65to+175 °C 


File Number 2176.1 


Specifications 1N5059, 1N5060, 1N5061, 1N5062 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


| LIMITS FOR ALL TYPES | FOR ALL TYPES 


Maximum Instantaneous Forward-Voltage Drop (Note 1) 
At 1A, Ty = +75°C 


Maximum Full-Load Reverse Current 


At Average Full-Cycle, Lead Length = 0.375 in. (9.5mm) 
Ta = +25°C 


At Average Full-Cycle, Lead Length = 0.375 in. (9.5mm) 
Ta = +175°C 


Maximum Reverse Current: (Note 1) 
At Average DC Reverse (Blocking) Voltage, T, = +25°C 


At Maximum DC Reverse (Blocking) Voltage, T, = +175°C 


Maximum Reverse Recovery Time 
At Ip = 0.5A, Ip = 1A, Ipq = 0.25A 


Typical Junction Capacitance 
At Frequency = 1MHz and Applied Reverse Voltage = 4V 


NOTES: 
1. In accordance with JEDEC registration format. 
2. 100A for 1N5061 and 1N5062. 
3. 200A for 1N5061 and 1N5062. 


GENERAL 
PURPOSE DIODES 


Typical Performance Curves 


< 1.0 _ 
z > Ty=+75°C 
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CURRENT CHARACTERISTIC FORWARD CURRENT CHARACTERISTIC 


1N5059, 1N5060, 1N5061, 1N5062 


Typical Performance Curves (Continued) 
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AVALANCHE POWER 


m HARRIS 1N5624, 1N5625 
SEMICONDUCTOR 1N5626, 1N5627 


December 1993 3A, 200V - 800V Diodes 
Features Package 
e High Temperature Metallurgically Bbonded, No Com- | | AL-3 
pression Contacts as Found in Diode-Constructed TOP VIEW 
Rectifiers . 


Glass Passivated Junction 

¢ 3A Operation at T, +70°C with No Thermal Runaway 
¢ Low Reverse Leakage Current 

¢ Exceeds Environmental Standard of MIL-STD-19500 


ANODE CATHODE 


| Hermetically Sealed Package 


High Temperature Soldering: 350° C/10s/0.375 In. 
(9.5mm) Lead Length 


Description Symbol 


The 1N5624, 1N5625, 1N5626, and 1N5627 are glass-pas- 
sivated “transient voltage protected,” silicon rectifiers 
intended for general-purpose applications. 


These rectifiers will dissipate up to 800 watts in reverse 
direction without damage. Voltage transients generated by 
household or industrial power lines are dissipated. 
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These rectifiers are supplied in a AL-3 package. 


Absolute Maximum Ratings For Single Phase, 60Hz, Half-Wave Resistive or Inductive Loads (Note 1) 
1N5624 1N5625 1N5626 1N5627 UNITS 


Maximum Peak (Repetitive) Reverse Voltage (Note 2) ............. Varm 200 400 600 800 Vv 
Maximum RMS Input (Supply) Voltage 

For Resistive or Inductive Loads. ........... 0... ce eee eee eee Vams 140 280 420 560 Vv 
Maximum DC Reverse (Blocking) Voltage (Note 2)............... Vaypc) 200 400 600 800 V 
Maximum Average Forward Current (Note 2) 

For Resistive or Inductive Loads, Ty = +75°C. 2.0... . eee cece eee lo 3 3 3 3 A 
Maximum Peak Surge Forward Current (Note 2) 

For 8.3ms Half Sine Wave, Superimposed on Rated Load .......... lesm 125 125 125 125 A 
Operating Junction Temperature (Note 2) ............ 2c cece cece eee Ty -65to +175 -65to+175 -65to+175 -65to+175 °C 
Storage Temperature (Note 2)..... 2... . cece eee eee ee eens Tstg -65to+200 -65to+200 -65to+200 -65to+200 °C 
NOTES: 


1. For capacitive load derate current by 20%. 
2. In accordance with JEDEC registration format. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 21 81 1 
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Specifications N20e4, 1N5625, 1N5626, 1N5627 


Electrical Specifications Tae 425°C, Unless Otherwise Specified 


| LIMITS FOR ALLTYPES | FOR ALL TYPES 
ares oo 
Maximum Instantaneous Forward-Voltage Drop (Note 1) 
At 3A, Ta = +25°C Ve vo. 


150 
(Note 2) 


300 pA 
(Note 3) 
Typical Junction Capacitance Cy 40 pF 
At Frequency = 1MHz and Applied Reverse Voltage = 4V 


NOTES: 
1. In accordance with JEDEC registration format. 
2. 100uA for 1N5626 and 1N5627. 
3. 200A for 1N5624 and 1N5625. 


Maximum Full-Load Reverse Current (Note 1) 


At Average Full-Cycle, Lead Length = 0.375 in. (9.5mm) 
Ta = +70°C 


Maximum Reverse Current (Note 1) 


At Maximum DC Reverse (Blocking) Voltage, Ta, = +25°C 


At Maximum DC Reverse (Blocking) Voltage, T, = +175°C 


Typical Performance Curves 


200 


Ty = +25°C 

8.3MS SINGLE HALF 
SINE-WAVE 

JEDEC METHOD 


~ 
oO 
oO 


SINGLE-PHASE 
HALF-WAVE, 60Hz 
1 RESISTIVE OR 
INDUCTIVE LOAD 
0.375” (9.5MM) 
LEAD LENGTH 


lps,» PEAK SURGE (NON-REPETITVE) 
FORWARD CURRENT (A) 


IF(avay» AVERAGE FORWARD CURRENT (A) 
rN 


0 25 50 75 100 125 150 175 


T_, LEAD TEMPERATURE (°C) N, NUMBER OF CYCLES AT 60Hz SINE WAVE 
FIGURE 1. MAXIMUM AVERAGE FORWARD OUTPUT FIGURE 2. MAXIMUM PEAK SURGE (NON-REPETITIVE) 
CURRENT CHARACTERISTIC FORWARD CURRENT CHARACTERISTIC 
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1N5624, 1N5625, 1N5626, 1N5627 


Typical Performance Curves (Continued) 
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FIGURE 4. TYPICAL REVERSE LEAKAGE CURRENT 


FIGURE 3. TYPICAL INSTANTANEOUS FORWARD CURRENT 
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marmrmicg ._—«SwA14A, A14C, A14E 
SEMICONDUCTOR | A14F, Al4P 


tt 


December 1993 1A, 50V - 1000V Diodes 
Features Package 
¢ High-Temperature Metallurgically Bonded, No Com- JEDEC STYLE DO-204 
pression Contacts as Found in Diode-Constructed TOP VIEW 
Rectifiers 


e Glass-Passivated Junction 


1A Operation at T, = 100°C with No Thermal Runaway 


¢ Typical Reverse Current Less than 0. 5pA ee 
e Exceeds Environmental Standard of MIL-STD-19500 


ANODE CATHODE 


Hermetically Sealed Package 


High-Temperature Soldering Guaranteed: 350°C/10s/ 
0.375 in. (9.5 mm) Lead Length 


Description 


The Harris A14A, A14C, A14E, A14P are glass-passivated 
“transient voltage protected”, silicon rectifiers intended for | Symbol 
general-purpose applications. 


These rectifiers will dissipate up to 1000 watts in reverse 
direction without damage. Voltage transients generated by 
household or industrial power lines are dissipated. 


These rectifiers are supplied in a JEDEC style DO-204 package. 


Absolute Maximum Ratings For Single Phase, 60Hz, Half-Wave Resistive or Inductive Loads (Note 1) 


A14F A14A A14C A14E A14P UNITS 

Maximum Peak (Repetitive) Reverse Voltage ........ Varm 50 100 300 500 1000 V 
Maximum RMS Input (Supply) Voltage 

For Resistive or Inductive Loads. ................ Vams 35 70 210 350 700 V 
Maximum DC Reverse (Blocking) Voltage.......... Vrioc) 50 100 300 500 1000 V 
Maximum Average Forward Output Current 

For Resistive or Inductive Loads; T, = 100°C.......... lo 1 1 | 1 1 A 
Maximum Peak Surge (Non-Repetitive) Forward Current: 

For 8.3ms Half Sine Wave, Superimposed 

On Rated 0a. sis cakes wud cea awes ewe es leFsm 50 50 50 50 50 A 
Operating Junction and Storage Temperature ..... Ty Tstg -65to +175 -65to+175 -65to+175 -65to+175 -65 to +175 °C 
NOTE: 

1. For capactive load derate current by 20%. 
Copyright © Harris Corporation 1993 File Number 2178.1 
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Specifications A14A, A14C, A14E, A14F, A14P 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


| LIMITS FOR ALLTYPES | FOR ALL TYPES 
Maximum Instantaneous Forward-Voltage Drop At 1A Ve 1.2 
(Note 1) 


Maximum Full-Load Reverse Current 


At Average Full-Cycle, Lead Length = 0.375 in. (9.5mm) 
Ta = 100°C 


Maximum Reverse Current 

At Maximum DC Reverse (Blocking) Voltage 
Maximum Reverse Recovery Time 

At I; = 0.5A, Ip = 1A, pp = 0.25A 


Typical Junction Capacitance 
At Frequency = 1MHz and Applied Reverse Voltage = 4V 


NOTE: 
1. 1.1V for A14C, A14E, and A14P 


Typical Performance Curves 


Ty = +25°C 

8.3ms SINGLE HALF 
SINE-WAVE 

JEDEC METHOD 


SINGLE-PHASE 
HALF-WAVE, 60Hz 
RESISTIVE OR 
INDUCTIVE LOAD 
0.375” (9.5MM) 
LEAD LENGTH 


lesm, PEAK SURGE (NON-REPETITVE) 
FORWARD CURRENT (A) 


lF(avG)» AVERAGE FORWARD CURRENT (A) 


0 25 50 75 100 125 150 £175 


N, NUMBER OF CYCLES AT 60Hz SINE WAVE 
T_, LEAD TEMPERATURE (°C) 
FIGURE 1. MAXIMUM AVERAGE FORWARD OUTPUT FIGURE 2. MAXIMUM PEAK SURGE NON-REPETITIVE 
CURRENT CHARACTERISTIC FORWARD CURRENT CHARACTERISTIC 
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GENERAL 
PURPOSE DIODES 


A14A, A14C, A14E, A14F, A14P 


Typical Performance Curves (Continued) 
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HARRIS 


SEMICONDUCTOR 


A15A, A15F 


December 1993 3A, 50V - 100V Diodes 
Features | Package 
e High-Temperature Metallurgically Bonded, No Com- AL-3 
pression Contacts as Found in Diode-Constructed TOP VIEW 
Rectifiers 


e Glass-Passivated Junction | 
3A Operation at T, = 70°C with No Thermal Runaway 


e Low Reverse Current 
e Exceeds Environmental Standard of MIL-STD-19500 ANQDE TelnOvE 
Hermetically Sealed Package 


¢ High-Temperature Soldering: 350°C/10s/0.375 in. 
(9.5 mm) Lead Length 


Description Symbol 


The A15A and A15F are glass-passivated “transient voltage 
protected”, silicon rectifiers intended for general-purpose 
applications. 


These rectifiers will dissipate up to 100 watts in reverse 
direction without damage. Voltage transients generated by 
household or industrial power lines are dissipated. 
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These rectifiers are supplied in a AL-3 package. - 


Absolute Maximum Ratings Supply Frequency of 60Hz, Resistive or Inductive Loads (Note 1) 


A15F A15A UNITS 

Maximum Peak (Repetitive) Reverse Voltage ......... 0. ccc cece eee eee Var 50 100 V 
Maximum RMS Input (Supply) Voltage ....... 0... ce cece eee eee eee eee Vems 35 70 V 
Maximum DC Reverse (Blocking) Voltage... 2.1... 0... c cece eee eee ee Vic) 50 100 V 
Maximum Average Forward Output Current 

Lead Length = 0.375 in. (9.5mm); Ty = 70°C 1... cc cee eee eee een e eens lo 3 3 A 
Maximum Peak Surge (Non-Repetitive) Forward Current 

For 8.3ms Half Sine Wave, Superimposed on Rated Load,..............02 eee lesm 125 125 A 
Operating Junction and Storage Temperature... ..... 2... cece ee ee eee Ty Tstg -65 to +175 -65 to +175 °C 
NOTE: 

1. For capacitive load derate current by 20%. 
Copyright © Harris Corporation 1993 File Number 2175.1 
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Specifications A15A, A15F 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


LIMITS FOR ALL | LIMITS FOR ALL TYPES 


Maximum Full-Load Reverse Current 


At Average Full-Cycle, Lead Length = 0.375 in. (9.5mm), 
= 70°C 


Maximum Reverse Current 
At Maximum DC Reverse (blocking) Voltage 
Maximum Reverse Recovery Time 
At Ip = 0.5A, Ip = 1A, Ipp = 0.25A 
Typical Junction Capacitance 


At Frequency = 1MHz and Applied Reverse Voltage = 4V 


Typical Performance Curves 


200 


Ty = +25°C 
8.3MS SINGLE HALF-WAVE 
JEDEC METHOD 


SINGLE-PHASE 
1 |. HALF-WAVE, 60Hz _ 
RESISTIVE OR 
INDUCTIVE LOAD 
0.375” (9.5MM) 
LEAD LENGTHS 


lsu, PEAK SURGE (NON-REPETITVE) 
FORWARD CURRENT (A) 


I(ava)» AVERAGE FORWARD CURRENT (A) 
~ 


0 25 50 75 100 125 150 175 
TL, LEAD TEMPERATURE (°C) 


FIGURE 1. MAXIMUM AVERAGE FORWARD OUTPUT FIGURE 2. MAXIMUM PEAK SURGE (NON-REPETITIVE) 
CURRENT CHARACTERISTIC FORWARD CURRENT CHARACTERISTIC 


N, NUMBER OF CYCLES AT 60Hz SINE WAVE 
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A15A, A15F 


Typical Performance Curves (Continued) 
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SEMICONDUCTOR 


December 1993 


Features 
e Glass Passivated Junction 


e¢ Fast Recovery Times 


¢ Low Forward Voltage Drop, High-Current Capability 


e Low Reverse Current Leakage 
¢ High Surge Current Capability 


Description 


The Harris A114A, A114B, A114C, A114D, A114E, A114F, 
and A114M are fast-recovery silicon rectifiers (tap = 200ns 
max.) featuring low forward voltage drop, high-current capa- 
bility. They use glass passivated epitaxial construction. 


These rectifiers are intended for TV deflection, inverter, high- 
frequency power supplies, energy recovery, and output recti- 


fication. 


These types are supplied in unitized-glass hermetically- 


sealed JEDEC Style DO-204 package. 


A114 Series 


1A, 50V - 600V Diodes 


Package 


JEDEC STYLE DO-204 
TOP VIEW 


ee 


ANODE CATHODE 


Symbol 


Absolute Maximum Ratings For Single Phase, 60Hz, Half-Wave Resistive or Inductive Loads (Note 1) 


Maximum Peak (Repetitive) 

Reverse Voltage ...........-. cece eee Varo 
Maximum RMS Input 

(Supply) Voltage ................200ee Vams 
Maximum DC Reverse 

(Blocking) Voltage Ae ere ee ee eee en eee Vaoc) 


Maximum Average Forward Output Current 

Lead Length = 0.375in. (9.5mm); 

Ta = -55°C Cer a er ee ee ee lo 
Maximum Peak Surge (Non-Repetitive) 
Forward Current: 


For 8.3ms Half Sine Wave, 

Superimposed on Rated Load............. lESm 
Operating Junction and 

Storage Temperature ..............4. Ty Tst¢ 
NOTE: 


1. For capacitive load derate current by 20%. 


Copyright © Harris Corporation 1993 
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50 


35 


50 


30 


A114A A114B A114C A114D A114E A114M UNITS 


100 200 300 400 500 600 V 
70 140 210 280 350 420 V 
100 200 300 400 500 600 V 

1 1 1 { 1 1 A 
30 30 30 30 30 30 A 
-65 to +175 °C 


| File Number 2179.1 
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Specifications A114 Series 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


| LIMITS FORALL TYPES FOR ALL TYPES 


Maximum Instantaneous Forward-Voltage Drop 
At 1A 


Maximum Full-Load Reverse Current 


At Average Full-Cycle, Lead Length = 0.375 in. (9.5mm) 
Ta = +25°C 


At Average Full-Cycle, Lead Length = 0.375 in. (9.5mm) 
Ta = +150°C 


Maximum DC Reverse Current at Maximum DC Reverse (Blocking) pA 
Voltage 
Maximum Reverse Recovery Time . 
At tp = 0.5A, Ip = 1A, Ipp = 0.25A 150 ys 
(Note 1) 
Typical Junction Capacitance Cy pF 
At Frequency = 1MHz and Applied Reverse Voltage = 4V 


NOTE: 
1. 200ns for A115M 


Typical Performance Curves 
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A114 Series 


Typical Performance Curves (Continued) 
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(+) 
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= penn GENERATOR 
(NOTE 2) | 


(-) 


OSCILLOSCOPE 
(NOTE 1) 


NOTES: 
1. RISE TIME = 7ns MAX., INPUT IMPEDANCE = 1MQ, 22pF 
2. RISE TIME = 10ns MAX., SOURCE IMPEDANCE = 500 


FIGURE 7. REVERSE-RECOVERY TIME TEST CIRCUIT 
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a ae A115 Series 


December 1993 3A, 50V - 600V Diodes 
Features Package 
e Glass Passivated Junction AL-3 
TOP VIEW 


¢ Fast Recovery Times 
¢ Low Forward Voltage Drop, High-Current Capability 
e Low Reverse Current Leakage 


¢ High Surge Current Capability 
ANODE CATHODE 


Description 


The Harris A115A, A115B, A115C, A115D, A115E, A115F, 
and A115M are fast-recovery silicon rectifiers (taa = 250ns 
max.) featuring low forward voltage drop, high-current capa- 
bility. They use glass passivated epitaxial construction. Symbol 


These rectifiers are intended for TV deflection, inverter, high- 
frequency power supplies, energy recovery, and output recti- 
fication. 


These types are supplied in unitized-glass hermetically- 
sealed AL-3 package. 
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Absolute Maximum Ratings For Single Phase, 60Hz, Half-Wave Resistive or Inductive Loads (Note 1) 
A115F A115A A115B A115C A115D A115E A115M UNITS 


Maximum Peak (Repetitive) 


Reverse Voltage .......... ccc eee eee Vearem 50 100 200 300 400 500 600 V 
Maximum RMS Input 

(Supply) Voltage.............. ee eee eee Vams 35 70 140 210 280 350 420 V 
Maximum DC Reverse . 
(Blocking) Voltage ................22005 Vaipc) 50 100 200 300 400 500 600 Vv 


Maximum Average Forward Output Current 
Lead Length = 0.375in. (9.5mm); 


Maximum Peak Surge (Non-Repetitive) 
Forward Current: 
For 8.3ms Half Sine Wave, 


Superimposed on Rated Load............. lcsmw _—s«- 1000 100 100 100 100 100 100 A 
Operating Junction and 

Storage Temperature ................ Ty, Tst¢ -65 to +175 °C 
NOTE: 


1. For capacitive load derate current by 20%. 


Copyright © Harris Corporation 1993 File Number 2180.1 
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Specifications A115 Series 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


| LIMITSFOR ALL TYPES | FOR ALL TYPES 


Maximum Full-Load Reverse Current 


At Average Full-Cycle, Lead Length = 0.375 in. (9.5mm) 
Ta = +25°C 


At Average Full-Cycle, Lead Length = 0.375 in. (9.5mm) 
Ts = +150°C 


Maximum DC Reverse Current at Maximum DC Blocking Voltage ee ee ee pA 


Maximum Reverse Recovery Time 
150 
(Note 1) 


Typical Junction Capacitance of oF 
At Frequency = 1MHz and Applied Reverse Voltage = 4V 


NOTE: 
1. 250ns for A115M 


At Ip = 0.5A, Ip = 1A, Inq = 0.25A 


Typical Performance Curves 
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A115 Series 


Typical Performance Curves (Continued) 
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FIGURE 7. REVERSE-RECOVERY TIME TEST CIRCUIT 
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HARRIS DB1 Series 


1A, 50V - 1000V Single-Phase 


December 1993 Full-Wave Bridge Rectifiers 
Features OO Package 
e Glass-Passivated Construction BR-4 
TOP VIEW 


e Surge Ratings: 50A 

¢ Designed for PC Board Mounting 

e UL Recognized Package Material 

e Exceeds Environmental Standard of MIL-STD-19500 


Description 


The DB1 Series are full-wave bridge silicon rectifiers Ss | 
intended for low power rectification. ymbo 


These bridge rectifiers are supplied in BR-4 compact plastic 
package. 


Absolute Maximum Ratings For Single Phase, 60Hz, Half-Wave Resistive or Inductive Loads (Note 1) 


AC 


DB1F DB1A DB1B DB1D DBiM DBIN DBiP UNITS 


Maximum Peak (Repetitive) 

Reverse Voltage ............. cee wees Varo 50 100 200 400 600 
Maximum RMS Bridge Input 

(Supply) Voltage ............ 0. eee eee Vams 35 70 140 280 420 
Maximum DC Reverse 

(Blocking) Voltage ...............508- Vine) 50 100 200 400 600 


Maximum Average Forward Current 

For Resistive or Inductive Loads, 

TSA C eaten suegeseee been eehawe lo 1 1 1 1 1 
Maximum Peak Surge Forward Current | 

For 8.3ms Half Sine Wave, 

Superimposed on Rated Load............. lesq 50 50 50 50 50 
Fusing Current (For Bridge Rectifier Protection) ; 

Ty = -55°C, t= 1 to 8.35ms................. It 10 10 10 10 10 
Operating Junction and 

Storage Temperature ..............4. Ty Tsta -55 to +150 
NOTE: 


1. For capacitive load derate current by 20% or use conduction angle data (derating curve) Figure 5. 
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800 4000 V 
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Specifications DB1 Series 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


LIMITS | LIMITS FOR ALL TYPES | ALL TYPES 
Maximum Instantaneous Forward-Voltage Drop (per Bridge Element) er 
At1A 


Maximum Reverse Current 


At Maximum DC Reverse (Blocking) Voltage T, = +25°C 
At Maximum DC Reverse (Blocking) Voltage T; = +125°C 
Typical Junction Capacitance (per Bridge Element) 
Measured at 2MHz, Applied Reverse Voltage = 4V 
Typical Thermal Resistance 


Junction-to-Ambient, PC Board Mounted 


Typical Performance Curves 


1.4 
< SINGLE-PHASE it 
has HALF-WAVE, 60Hz > Ty = +25°C 
G 1.2 RESISTIVE OR = 8.3MS SINGLE HALF-WAVE 
x Ceaee INDUCTIVE LOAD Para i = JEDEC METHOD 
> wi 
e TT NTT 
re) 

= os hs ~< ~¢ 
ic q wo 
P’TTOONN ee 
w 0.6 — >< 
 LLLLLLENELELL] 8 ig 
jem 
Eo bs a6 I i Mt 
z N] 2 
s | {tt LE Pt 
Oo vo a 
PTTTPPPTT EN EEC 
: le 

0.0 be. 1 10 10 

20 40 60 80 100 120 140 160 
Ta, AMBIENT TEMPERATURE (°C) N, NUMBER OF CYCLES AT 60Hz SINE WAVE 
FIGURE 1. MAXIMUM AVERAGE FORWARD OUTPUT FIGURE 2. MAXIMUM PEAK SURGE (NON-REPETITIVE) 
CURRENT CHARACTERISTIC FORWARD CURRENT CHARACTERISTIC 
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DB1 Series 


Typical Performance Curves (Continued) 


100 


10 


Ic, FORWARD CURRENT (A) 
ig, REVERSE CURRENT (yA) 


0.1 


Vr, FORWARD VOLTAGE DROP (V 
. ™) PERCENT OF PEAK REPETITIVE REVERSE VOLTAGE (V) 


FIGURE 3. TYPICAL INSTANTANEOUS FORWARD CURRENT FIGURE 4. TYPICAL REVERSE LEAKAGE CURRENT 
CHARACTERISTIC CHARACTERISTICS 
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PERCENT RATED FORWARD CURRENT 


0 20 40 60 80 100 120 140 160 180 200 
FORWARD CURRENT CONDUCTION ANGLE (DEGREES) 


FIGURE 5. TYPICAL PERCENT OF AVERAGE FORWARD CURRENT CHARACTERISTIC 
(DERATING CURVE FOR SHORTENED CONDUCTION ANGLE) 
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HARRIS GER40071 thru 
SEMICONDUCTOR GER4007 


December 1993 1A, 50V - 1000V Diodes 
Features Package 
¢ High-Temperature Metallurgically Bonded, No Com- JEDEC STYLE DO-204 
pression Contacts as Found in Diode-Constructed TOP VIEW 
Rectifiers 


e Glass-Passivated Junction 


¢ 1A Operation at T, = 100°C with No Thermal Runaway 
e Low Reverse Current ———=1 SS 


ANODE CATHODE 
e Exceeds Environmental Standard of MIL-STD-19500 


Hermetically Sealed Package 


¢ High-Temperature Soldering 350°C/10s/0.375 in. 
(9.5 mm) Lead Length 


Description Symbol 


The GER4001 - GER4007 are glass-passivated “transient 
voltage protected”, silicon rectifiers intended for general-pur- 
pose applications. 


These rectifiers will dissipate up to 1000 watts in reverse 
direction without damage. Voltage transients generated by 
household or industrial power lines are dissipated. 


These rectifiers are supplied in a JEDEC style DO-204 package. 


uw) 
Lu 
A: 
Ta) 
LU Lu 
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iO 
O o. 

o 
> 
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Absolute Maximum Ratings For Single Phase, 60Hz, Half-Wave Resistive or Inductive Loads 
GER4001 GER4002 GER4003 GER4004 GER4005 GER4006 GER4007 UNITS 


Maximum Peak (Repetitive) 

Reverse Voltage ........... 00 eee eee Vero 50 100 200 400 600 800 1000 V 
Maximum RMS Supply Voltage 

For Resistive or Inductive Loads......... Vams 35 70 140 280 420 560 700 Vv 
Maximum DC Reverse 

(Blocking) Voltage ...............0.- Vaioc) 50 100 200 400 600 800 1000 V 


Maximum Average Forward Output Current 

For Resistive or Inductive Loads, 

cS 00C cau cee uceweeanee twas oeweeus lo 1 1 1 1 1 1 1 A 
Maximum Peak Surge (Non-Repetitive) 
Forward Current 

For 8.3ms Half Sine Wave, Superimposed On 


Plated L0ad siccsa7iinsyd id weenie lesm «50 50 50 50 50 50 50 A 
Operating Junction and 
Storage Temperature .............. Ty Tsta -65 to +175 °C 
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Specifications GER4001 thru GER4007 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


LIMITS FOR ALL | LIMITS FOR ALL TYPES | 
Maximum Instantaneous Forward-Voltage Drop At 1A 1.2 
(Note 1) 


Maximum Full-Load Reverse Current 


At Average Full-Ccycle, Lead Length = 0.375 in. (9.5mm), 
Ta = 100°C 


Maximum Reverse Current 

At Maximum DC Reverse (Blocking) Voltage 
Maximum Reverse Recovery Time 

At Ip = 0.5A, Ip = 1A, Ipp = 0.25A 


Typical Junction Capacitance 


At Frequency = 1MHz and Applied Reverse Voltage = 4V 


NOTE: _ 
1. 1.1V for GER4003 - GER4007 


Typical Performance Curves 


Ty = +25°C 
8.3MS SINGLE HALF-WAVE 
JEDEC METHOD 


SINGLE-PHASE 
HALF-WAVE, 60Hz 
RESISTIVE OR 
INDUCTIVE LOAD 
0.375” (9.5MM) 
LEAD LENGTH 


Irsu, PEAK SURGE (NON-REPETITVE) 
FORWARD CURRENT (A) 


lave)» AVERAGE FORWARD CURRENT (A) 


0 25 50 75 100 125 150 175 
T_, LEAD TEMPERATURE (°C) 


FIGURE 1. MAXIMUM AVERAGE FORWARD OUTPUT FIGURE 2. MAXIMUM PEAK SURGE (NON-REPETITIVE) 
CURRENT CHARACTERISTIC FORWARD CURRENT CHARACTERISTIC 


N, NUMBER OF CYCLES AT 60Hz SINE WAVE 
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GER4001 thru GER4007 


Typical Performance Curves (Continued) 
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FIGURE 4. TYPICAL REVERSE LEAKAGE CURRENT 
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CHARACTERISTICS 
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FIGURE 5. TYPICAL JUNCTION CAPACITANCE CHARACTERISTIC 
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SELECTION GUIDE 3 24)<-5.ars 08s Sale oo 55 Beene 8 EP Ae Ren Sa ee bee be Pa Sas ew he 5-3 
ULTRAFAST SINGLE DIODE DATA SHEETS 

A214 Series 2A, 50V - 200V Ultrafast Diodes ... 0... 0. ce ee eee ee eee 5-5 
A315 Series 3A, 50V - 200V Ultrafast Diodes ....... 0. cee ce ec ee eee eens 5-8 
GE1001, GE1002, 1A, 50V - 200V Ultrafast Diodes ....... 0. cece ccc ceceacccucecuceuceneecs 5-11 
GE1003, GE1004 

GE1101, GE1102, 2.5A, 50V - 200V Ultrafast Diodes... 2... 0. ec ee ee eee eee eee 5-14 
GE1103, GE1104 

GE1301, GE1302, 6A, 50V - 200V Ultrafast Diodes .......... 0.0 ce cc ce ee ee eee 5-17 
GE1303, GE1304 

RURD410, RURD415, 4A, 100V - 200V Ultrafast Diodes ....... 0... ce eee eee eee 5-20 


RURD420, RURD4108S, 
RURD415S, RURD420S 


RURD440, RURD450, 4A, 400V - 600V Ultrafast Diodes ....... 0... cee eee tee eee 5-24 
RURD460, RURD440S, 
RURD450S, RURD460S 


MUR810, RURP810, 8A, 100V - 200V Ultrafast Diodes ......... 0... ee eee ee eee 5-28 
MUR815, RURP815, 
MUR820, RURP820 


MUR840, RURP840, 8A, 400V - 6OOV Ultrafast Diodes... 0... eee eee 5-30 
MUR850, RURP850, 
MUR860, RURP860 


MUR870E, MUR880E, 8A, 7OOV - 1000V Ultrafast Diodes... ce eee eee 5-33 
MUR890E, MUR8100E, 

RURP870, RURP880, 

RURP890, RURP8100 


MUR1510, RURP1510, 15A, 100V - 200V Ultrafast Diodes .. 0... cece cee eee ee eens 5-36 
MUR1515, RURP1515, 
MUR1520, RURP1520 


MUR1540, RURP 1540, 15A, 400V - 600V Ultrafast Diodes ... 0... eee eee ee eee 5-39 
MUR1550, RURP1550, 
MUR1560, RURP1560 


RURP1570, RURP 1580, 15A, 7OOV - 1000V Ultrafast Diodes ..... 2... cece ee eens 5-42 
RURP1590, RURP 15100 


ULTRAFAST 
SINGLE DIODES 


RURP3010, RURP3015, 
RURP3020 


RURP3040, RURP3050, 
RURP3060 


RURP3070, RURP3080, 
RURP3090, RURP30100 


RURP30120 


RURG3010, RURG3015, 
RURG3020 


RURG3040, RURG3050, 
RURG3060 


RURG3070, RURG3080, 
RURG3090, RURG30100 


RURG30120 


RURGS5040, RURGS5050, 
RURGS5060 


RURG5070, RURGSO80, 
RURGS090, RURGSO100 


RURG75120 


RURG8040, RURG8050, 
RURG8060 


RURG8070, RURG8080, 
RURG8090, RURG80100 


RURU5040, RURU5050, 
RURUS0O60 


RURU5070, RURUSOS80, 
RURU5090, RURU50100 


RURU75120 


RURU8040, RURU8050, 
RURU8060 


RURU8070, RURU8080, 
RURU8090, RURU80100 


RURU 10040, RURU 10050, 


RURU 10060 
RURU100120 


RURU 15040, RURU15050, 
RURU 15060 


RURU 15070, RURU15080, 


RURU 15090, RURU150100 


Ultrafast Single Diodes (continued) 


30A, 100V - 200V Ultrafast Diodes ... 0... ce ee eet tes 
30A, 400V - GOOV Ultrafast Diodes .... 2... cc ee ee tc eee ce tenes 
30A, 7OOV - 1000V Ultrafast Diodes ......... 0... cc ec ee ee eens 


SOA, 1200V Ultrafast DiOdO ssc ceioy hehe EG WE GOS Ee ER EERE 
30A, 100V - 200V Ultrafast Diodes ....... 0... cc ce ee eee ete ee 


30A, 400V - GOOV Ultrafast Diodes ........... ce ee ee te cee eee 
30A, 7OOV - 1000V Ultrafast Diodes .... 2... ee ce eee eens 


SOA, 1200V Ultratast Diodes ssviesas vee se-hs aw es ad ee ii ea eee SG Sh eed SS 
50A, 400V - 600V Ultrafast Diodes ... 1... ce ee ee ee eee 


50A, 7OOV - 1000V Ultrafast Diodes ......... ce ec cee cet eee 


75A, 1200V Ultrafast Diode... eee eee eee eee Siphahd aied ax 
80A, 400V - 600V Ultrafast Diodes. .... 2... ec eee eee teens 


80A, 7OOV - 1000V Ultrafast Diodes ........... 0... ce eee ee eee eens 
50A, 400V - 6O0V Ultrafast Diodes ..... 0... ee eee ees 
50A, 7OOV - 1000V Ultrafast Diodes ........ 0c. cccceccecceuceecceuceuces 


75A; 1200V Ultrafast Diode .:.55..5d6 60656 ewe eee eee cee sane vad eaweees 
80A, 400V - 6O0V Ultrafast Diodes ........... 0. ce ccc ee eee tetas 


80A, 7OOV - 1000V Ultrafast Diodes ........ 0... cc ccc ccc cee eens 
100A, 400V - 600V Ultrafast Diodes ......... 0... ee cece ee eee 


100A, 1200V Ultrafast Diode... 2. ee eet ee eee eee eee 
150A, 400V - 600V Ultrafast Diodes .......... 0.0... cee ee ee ee ee eee 


150A, 7OOV - 1000V Ultrafast Diodes ....... 0... cece ee eee eee eee 
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Selection Guide 


HARRIS ULTRAFAST RECOVERY RECTIFIER PRODUCT LINE 


AL-4 
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aa ee ae ae ee 
RURD410 RURD610 RURD410S | RURD610S 
GE1303 RURD415 RURD615 RURD415S RURD615S 


RURD440 RURD440S 
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RURD460 RURD460S 
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SHADING = Future Product Offerings 
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ULTRAFAST 
SINGLE DIODES 


Selection Guide Continued 


HARRIS ULTRAFAST RECOVERY RECTIFIER PRODUCT LINE 


TO-220AC 


rr 
3 
> 


ad 


MUR810 |MUR1510 |RURP3010 [RURG3010 
RURP810 |RURP1510 

MUR815 |MUR1515 |RURP3015 JRURG3015 

RURP815 |RURP1515 
200V |MUR820 |MUR1520 |RURP3020 [RURG3020 
RURP820 | RURP1520 
400V RURP3040 JRURG3040 |RURG5SO40 |RURG8040 JRURUSO40 | RURU8O40 |RURU10040 |RURU15040 
500V URi550 |RURP3050 [RURG3050 }RURGS5050 |RURG8050 [RURUS050 |RURU80S0 |RURU10050 |RURU15050 
| RURP1550 7 | _ 
600V RURG3060 |RURGS5060 |R RURU10060 |RURU15060 


7O00V | 


100V 


150V 


a wv 
on Cc 
Be) » 8) 
Cc Cc 
g| & 
© © 


800V RURG808 


900V |MUR890E 


RURP890 


RURU15090 


1000V RURU150100 


RURP8100 


UR8100E | RURP15100 | RURP30100 | RURG30100 | RURG50100 | RURG80100 | RURU50100 


1200V 6] RURP30120] RURG30120 | 6 | RURG75120 RURU100120 


SHADING = Future Product Offerings 
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A214 Series 


(tat SEMICONDUCTOR 


December 1993 2A, 50V - 200V Ultrafast Diodes 
Features Package 
¢ Glass-Passivated Junction JEDEC STYLE DO-204 
TOP VIEW 


e Ultra-Fast Recovery Times 
¢ Low Forward Voltage Drop, High-Current Capability 


e Low Leakage Current Se, 
ANODE CATHODE 


e High Surge Current Capability 


Description 


The A214A, A214B, A214F, and A214G are ultra-fast recov- 

ery silicon rectifiers (taa = 35ns max.) featuring low forward 

voltage drop, high-current capability. They use glass passi- | 9YMbol 
vated epitaxial construction. 


These rectifiers are intended for TV deflection, inverter, high- 
frequency power supplies, energy recovery, and output recti- 
fication. 


These types are supplied in unitized-glass hermetically- 
sealed JEDEC style DO-204 package. 


Y) 
pW 
: : ny 2 
Absolute Maximum Ratings Supply Frequency of 60Hz, Resistive or Inductive Loads qO 
A214F A214A A214G A214B ‘UNITS <a 
Maximum Peak Repetitive Reverse Voltage ...............-. VaRM 50 100 150 200 Vv ae 
Maximum RMS Input (Supply) Voltage ................0008. Vams 35 70 105 105 V = S 
Maximum DC Reverse (Blocking) Voltage..............266- Vrioc) 50 100 150 200 Vv 7 
Maximum Average Forward Current 
Lead Length = 0.375 in. (9.5mm); Ty = 55°C .. 1... eee eee eee lo 2 2 2 2 A 
Maximum Peak Surge (Non-Repetitive) Forward Current 
For 8.3ms Half Sine Wave, Superimposed on Rated Load,...... lesu 50 50 50 50 A 
Operating Junction and Storage Temperature.............. Ty Tstg -65t0+175 -65t0+175 -65to+175 -65to+175 °C 
Copyright © Harris Corporation 1993 File Number 2164.1 
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Specifications A214 Series 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


| LIMITS FOR ALL TYPES FOR ALL TYPES 


Maximum Reverse Current 


At Maximum DC Reverse (Biocking) Voltage, T, = +25°C 


At Maximum DC Reverse (Blocking) Voltage, T, = +150°C 
| Maximum Reverse Recovery Time 
At Ip = 0.5A, Ip = 1A, Ipp = 0.25A 
Typical Junction Capacitance 
At 1MHz and Applied Reverse Voltage = 4V 
Thermal Resistance 


Junction-to-Ambient at 0.375 in. (9.5mm) Lead Length 


Typical Performance Curves 


RESISTIVE OR 
INDUCTIVE LOAD 
0.375” (9.5MM) 
LEAD LENGTHS 


Ty = +25°C 
8.3MS SINGLE HALF-WAVE 
JEDEC METHOD 


mi | 
Se cl 
na 
TPS 


Irs, PEAK SURGE (NON-REPETITVE) 
FORWARD CURRENT (A) 
o 
° 


lF(avay» AVERAGE FORWARD CURRENT (A) 


100 


T_, LEAD TEMPERATURE (°C) N, NUMBER OF CYCLES AT 60Hz SINE WAVE 
FIGURE 1. MAXIMUM AVERAGE FORWARD OUTPUT FIGURE 2. MAXIMUM PEAK SURGE (NON-REPETITIVE) 
CURRENT CHARACTERISTIC FORWARD CURRENT CHARACTERISTIC 


A214 Series 


Typical Performance Curves (Continued) 


50 1000 


Ty= +25°C 
PULSE DURATION = 300s, 
409 |. DUTY FACTOR = 1% 
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Ve, FORWARD VOLTAGE DROP (V) 


FIGURE 3. TYPICAL INSTANTANEOUS FORWARD CURRENT FIGURE 4. TYPICAL REVERSE LEAKAGE CURRENT 
CHARACTERISTIC CHARACTERISTICS 
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FIGURE 5. REVERSE-RECOVERY TIME WAVEFORM FIGURE 6. TYPICAL JUNCTION CAPACITANCE CHARACTERISTIC 


50Q 10Q 
NONINDUCTIVE NONINDUCTIVE 


(+) 


25vDCc_— si 
(APPROX.) | 


PULSE 
GENERATOR | 
(NOTE 2) 


OSCILLOSCOPE 
(NOTE 1) 


INDUCTIVE 


NOTES: 
1. RISE TIME = 7ns MAX., INPUT IMPEDANCE = 1MQ, 22pF 
2. RISE TIME = 10ns MAX., SOURCE IMPEDANCE = 50Q 


FIGURE 7. REVERSE-RECOVERY TIME TEST CIRCUIT 


Gy HARRIS 


SEMICONDUCTOR 


A315 Series 


pecenperiges 3A, 50V - 200V Ultrafast Diodes 


Features Package 
¢ Glass Passivated Junction AL-4 
TOP VIEW 


e Ultra-Fast Recovery Times 
e Low Forward Voltage Drop, High-Current Capability 


+ Low Leakage Current St oe 
. ANODE CATHODE 


e High Surge Current Capability 


Description 


The A315A, A315B, A315F, and A315G are ultra-fast recov- 

ery silicon rectifiers (tan = 35ns max.) featuring low forward 

voltage drop, high-current capability. They use glass passi- Sy mbol 
vated epitaxial construction. 


These rectifiers are intended for TV deflection, inverter, high- 
frequency power supplies, energy recovery, and output recti- 
fication. 


These types are supplied in unitized-glass hermetically- 
sealed AL-4 package. 


Absolute Maximum Ratings Supply Frequency of 60Hz, Resistive or Inductive Loads (Note 1) 


A315F A315A A315G A315B  ~——«UNITS 
Maximum Peak Repetitive Reverse Voltage ................. Varo 50 100 150 200 V 
Maximum RMS Input (Supply) Voltage ...............02 eee Vrms 35 70 105 105 V 
Maximum DC Reverse (Blocking) Voltage..............00.. Vayoc) 50 100 150 200 V 
Maximum Average Forward Current 
Lead Length = 0.375 in. (9.5mm); Ty = 55°C .. 2... ee eee eee ee lo 3 3 3 3 A 
Maximum Peak Surge (Non-Repetitive) Forward Current 
For 8.3ms Half Sine Wave, Superimposed on Rated Load, 135 135 135 135 A 
Tp OC. eo vetea hoe wet eda eels dM anise isis stones es lesm 
Operating Junction and Storage Temperature.............. Ty Tstg -65t0+175 -65to+175 -65to+175 -65to+175 °C 
NOTE: | 
1. For capacitive load derate current by 20%. 
Copyright © Harris Corporation 1993 File Number 2163.1 


Specifications A315 Series 


Electrical Specifications —T, = +25°C, Unless Otherwise Specie’: 


| LIMITS FOR ALL TYPES | FOR ALL TYPES | 


Maximum intantanioous Forward-Voltage Drop 


At 3A 
Maximum Reverse Current 
At Maximum DC Reverse (Blocking) Voltage, Ta = +25°C 
At Maximum DC Reverse (Blocking) Voltage, Ta = +150°C 
Maximum Reverse Recovery Time 


At Ip = 0.5A, Ip = 1A, lap = 0.25A 


Typical Junction Capacitance 
At Frequency = 1MHz and Applied Reverse Voltage = 4V 


Typical Performance Curves 


ATTACHED TO A HEATSINK OF 0.79” x 0.79” x 0.040”, Cu 150 
(20mm x 20mm x, 1.0mm) 
< a 
- e 125 Ty = +25°C 
a 3 ee 8.3ms SINGLE HALF 
a at NY SINE-WAVE 
2 cc & 100 JEDEC METHOD a 
a 5 4 a an 
< 2 = — 
> wo 75 ara 
es Soa < 
ce) ce a ui 
ve | < J 
w o - 
G wz 50 16 
4 ZO aoe 
oy RESISTIVE OR wih 7) 
2 INDUCTIVE LOAD : 
= 0.375” (9.5MM) B 28 
g LEAD LENGTH = 
r 
=. 0 
0 25 75 125 175 1 10 100 
T,, LEAD TEMPERATURE (°C) N, NUMBER OF CYCLES AT 60Hz SINE WAVE 
FIGURE 1. MAXIMUM AVERAGE FORWARD OUTPUT FIGURE 2. MAXIMUM PEAK SURGE (NON-REPETITIVE) 
CURRENT CHARACTERISTIC FORWARD CURRENT CHARACTERISTIC 


A315 Series 


Typical Performance Curves (Continued) 
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FIGURE 3. TYPICAL INSTANTANEOUS FORWARD CURRENT 
CHARACTERISTIC 
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FIGURE 5. REVERSE-RECOVERY TIME WAVEFORM 


1000 


YN 
HSS 


100 


AAI 
BB 0 
EBA UA ll 


ml 


10 | 


0.1 


Ip, REVERSE LEAKAGE CURRENT (A) 


0.01 


PERCENT OF PEAK REPETITIVE REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE LEAKAGE CURRENT 
CHARACTERISTICS 
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FIGURE 6. TYPICAL JUNCTION CAPACITANCE CHARACTERISTIC 


250 


200 


Tjy= 4+25°C 


FREQUENCY = 1MHz 


150 


100 


C, CAPACITANCE (pF) 


502 10Q 
NONINDUCTIVE 


NONINDUCTIVE 


(+) 


—- 25VDC 
= (APPROX.) 


NOTES: 


INDUCTIVE 


PULSE 
GENERATOR 
(NOTE 2) 


OSCILLOSCOPE 
(NOTE 1) 


1. RISE TIME = 7ns MAX., INPUT IMPEDANCE = 1MO, 22pF 
2. RISE TIME = 10ns MAX., SOURCE IMPEDANCE = 502 


FIGURE 7. REVERSE-RECOVERY TIME TEST CIRCUIT 
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— GE1003, GE1004 


December 1993 1A, 50V - 200V Ultrafast Diodes 
Features: Package 
¢ Glass Passivated Junction JEDEC STYLE DO-204 


TOP VIEW 
e Ultra-Fast Recovery Times 


e Low Forward Voltage Drop, High-Current Capability 


e Low Reverse Current Leakage Ge a 
ANODE CATHODE 


e High Surge Current Capability 


Description 


The GE1001, GE1002, GE1003, and GEI004 are ultra-fast- 

recovery silicon rectifiers (tag = 35ns max.) featuring low for- 

ward voltage drop, high-current capability. They use glass Symbol 
passivated epitaxial construction. 


These rectifiers are intended for TV deflection, inverter, high- 
frequency power supplies, energy recovery, and output recti- 
fication. 


These types are supplied in unitized-glass hermetically- 
sealed JEDEC style DO-204 package. 


ta 
5a 
Absolute Maximum Ratings Supply Frequency of 60Hz, Resistive or Inductive Loads, Note 1 < Oo 
GE1001 GE1002 GE1003 GE1004 UNITS = a 
Maximum Peak Repetitive Reverse Voltage ................. Vara 50 100 150 200 V b of 
Maximum RMS Input (Supply) Voltage .................008- Vamus 35 70 105 140 V = S 
Maximum DC Reverse (Blocking) Voltage.................. Vryoc) 50 100 150 200 V 7) 
Maximum Average Forward Output Current 
Lead Length = 0.375 in. (9.5mm); Ta = 55°C ............20 008 lo 1 1 1 1 A 
Maximum Peak Surge (Non-Repetitive) Forward Current 
For 8.3ms Half Sine Wave, Superimposed on Rated Load,...... lesm 30 30 30 30 A 
Operating Junction and Storage Temperature.............. Ty Tsta “65104175 -65to+175 -65t0+175 -65to+175 °C 
NOTE: 
1. For capacitive load derate current by 20%. 
Copyright © Harris Corporation 1993 File Number 2161.1 
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Specifications GE1001, GE1002, GE1003, GE1004 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 
_ PARAMETERS ‘ges ie a UNITS 
CR 


Maximum Reverse Current 


At Maximum DC Reverse (Blocking) Voltage, Ts = +25°C 
At Maximum DC Reverse (Blocking) Voltage, T, = +150°C 
Maximum Reverse Recovery Time 
At Ip = 0.5A, Ip = 1A, Ipp = 0.25A 
Typical Junction Capacitance 
At Frequency 1MHz and Applied Reverse Voltage = 4V 
Thermal Resistance 


Junction-to-Ambient at 0.375 in. (9.5mm) Lead Length 


Typical Performance Curves 


= RESISTIVE OR Ty = +25°C 
= INDUCTIVE LOAD “N FREQUENCY = 1MHz 
sro ses THT Tl 
> LEAD LENGTHS ee 
Oo Ta 
: 7 See AE 
< oO 
° - 
uy < i 
a S 
ro) 
; ; Bl atti 
o 
> 
. : CACHES 
oem 0.1 1000 
_, LEAD TEMPERATURE (°C) Va; eee ee eae (V) 
FIGURE 1. MAXIMUM AVERAGE FORWARD OUTPUT FIGURE 2. JUNCTION CAPACITANCE vs REVERSE VOLTAGE 
CURRENT CHARACTERISTIC 
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GE1001, GE1002, GE1003, GE1004 


Typical Performance Curves (Continued) 


50 100 === SS 
Ty = +25°C = ——— =i os me 
PULSE DURATION = 300ps, = _ —— (a = 7 on 
10 | DUTY FACTOR = 1% ee — ee ee DO 
ze fad A A A LS SS Ss 1S PT 
< cc ee ee 
bE Oo 49 2 ee ae eee 2 ee 
iu 4 WW Ty = +100°C —— 
2 < et a Fe 
a 2 5 ae a SO Dae ae (A 
= br a Le A es Sacco el 
> tf | 
ra] 0.1 Ww aes) 
re a i OE A A A AS <A! 
7 = = ——— 
(ae 
0.01 > 0.01 ae 

04 06 O08 10 12 14 16 18 0 20 40 60 80 100 120 140 

Vr, FORWARD VOLTAGE DROP (V) PERCENT OF PEAK REPETITIVE REVERSE VOLTAGE (V) 

FIGURE 3. TYPICAL INSTANTANEOUS FORWARD CURRENT FIGURE 4. TYPICAL REVERSE LEAKAGE CURRENT 
CHARACTERISTIC CHARACTERISTICS 


+0.5 Ty= +25°C 
= rrr 8.318 SINGLE-HALF 
=e ra SINE-WAVE 
ui Ei. JEDEC METHOD 
oc w< 
_ > Wi 
=< iy 0 cz 
ES 52 
i z Ze . ” 
fu 0.25 WO Ha 
> — c 2 Oo 
red n= uO 
< > < 
> <& oc ul 
x is o j= ol 
fe) a. wl (3 
rg : “Zz 
= WD 


-1 


10ns PER DIVISION 


N, NUMBER OF CYCLES AT 60Hz SINE WAVE 
FIGURE 5. REVERSE-RECOVERY TIME WAVEFORM FIGURE 6. PEAK SURGE CAPABILITY vs NUMBER OF CYCLES 


500 100 
NONINDUCTIVE NONINDUCTIVE 


(+) 


| PULsE | 
= een | GENERATOR | 
(NOTE 2) 


OSCILLOSCOPE 
(NOTE 1) 


| INDUCTIVE 


NOTES: 
1. RISE TIME = 7ns MAX., INPUT IMPEDANCE = 1MO, 22pF 
2. RISE TIME = 10ns MAX., SOURCE IMPEDANCE = 500 


FIGURE 7. REVERSE-RECOVERY TIME TEST CIRCUIT 
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 GE1101, GE1102 
a EYNSENS GE1103, GE1104 


December 1993 | 2.5A, 50V - 200V Ultrafast Diodes 
Features Package 
¢ Glass Passivated Junction JEDEC STYLE DO-204 
TOP VIEW 


e Ultra-Fast Recovery Times 
¢ Low Forward Voltage Drop, High-Current Capability 


e Low Reverse Current Leakage St 


CATHODE 
e High Surge Current Capability ANODE 


Description 


The GE1101, GE1102, GE1103, and GE1104 are ultra-fast- 

recovery silicon rectifiers (tag = 35ns max.) featuring low 

forward voltage drop, high-current capability. They use glass Symbol 
passivated epitaxial construction. 


These rectifiers are intended for TV deflection, inverter, high- 
frequency power supplies, energy recovery, and output 
rectification. 


These types are supplied in unitized-glass hermetically- 
sealed JEDEC style DO-204 package. 


Absolute Maximum Ratings Supply Frequency of 60Hz, Resistive or Inductive Loads (Note 1) 


GE1101 GE1102 GE1103 GE1104 UNITS 

Maximum Peak Repetitive Reverse Voltage ................- VarmM 50 100 150 200 V 
Maximum RMS Input (Supply) Voltage .................008- Vams 35 70 105 140 V 
Maximum DC Reverse (Blocking) Voitage................4. Vaioc) 50 100 150 200 V 
Maximum Average Forward Output Current 

Lead Length = 0.3785 in. (9.5mm); Ty = +55°C ... 2... eee eee lo 2.5 2.5 2.5 2.5 A 
Maximum Peak Surge (Non-Repetitive) Forward Current 

For 8.3ms Half Sine Wave, Superimposed on Rated Load ...... lesm 50 50 50 50 A 
Operating Junction and Storage Temperature.............. Ty Tstg -65t0+175 9 -65to+175 -65to+175 -65to+175 
NOTE: 

1. For capacitive load derate current by 20%. 
Copyright © Harris Corporation 1993 | File Number 21 65.1 
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Specifications GE1101, GE1102, GE1103, GE1104 


Electrical Specifications , = +25°C, Unless Otherwise Specified 


LIMITS FOR ALL TYPES 


Maximum Reverse Current 


At Maximum DC Reverse (Blocking) Voltage, T, = +25°C 


At Maximum DC Reverse (Blocking) Voltage, T, = +150°C 


Maximum Reverse Recovery Time 

At Ir = 0.5A, Ip = 1A, Ipp = 0.25A 
Typical Junction Capacitance 

At Frequency 1MHz and Applied Reverse Voltage = 4V 
Thermal Resistance 


Junction-to-Ambient at 0.375 in. (9.5mm) Lead Length 


Typical Performance Curves 


SINGLE-PHASE 
HALF-WAVE, 60Hz 
RESISTIVE OR 
INDUCTIVE LOAD 
0.375 in. (9.5mm) 
LEAD LENGTHS | 


Ty Bz 425°C 
8.38 SINGLE HALF 


SINE-WAVE 
JEDEC METHOD 


ULTRAFAST 
SINGLE DIODES 


lrsm, PEAK SURGE (NON-REPETITVE) 
FORWARD CURRENT (A) 


Ie(ave), AVERAGE FORWARD CURRENT (A) 


0 +25 +50 +75 +100 4125 +150 +175 


N, NUMBER OF CYCLES AT 60Hz SINE WAVE 


T_, LEAD TEMPERATURE (°C) 


FIGURE 1. MAXIMUM AVERAGE FORWARD OUTPUT FIGURE 2. MAXIMUM PEAK SURGE (NON-REPETITIVE) 
CURRENT CHARACTERISTIC FORWARD CURRENT CHARACTERISTIC 
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GE1101, GE1102, GE1103, GE1104 


Typical Performance Curves (Continued) 


50 1000 === a 
Ty = 425°C SS F=penise BSS 
PULSE DURATION = 300ps, <= SE OS es A ae cael 
= DUTY FACTOR = 1% E $00 Co Ty 150°C [eel 
ad uu ———— a a Se 
wi ) an Ee en eS Re ( Ge 
ra ra) eee Cees ae Be Ey 2s 
& Wi 10 ———S Ty = +100°C et 
Q 1.0 s a A A a A eT 
< 49 Ge ie ees eee ee ee eae 
: ————— = 
re) 77) aD 
ive [ea ae 
u 0.1 wi canes 
_ ty 0.1 Sane icaasnecatmme 
rd —— 
-_ eee Ea 
0.01 0.01 ae ene 
04 06 0.8 1.0 1.2 14 1.6 1.8 0 20 40 60 80 100 120 140 
Ve, FORWARD VOLTAGE DROP (V) PERCENT OF PEAK REPETITIVE REVERSE VOLTAGE (V) 
FIGURE 3. TYPICAL INSTANTANEOUS FORWARD CURRENT FIGURE 4. TYPICAL REVERSE LEAKAGE CURRENT 
CHARACTERISTIC CHARACTERISTICS 
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FIGURE 5. REVERSE-RECOVERY TIME WAVEFORM FIGURE 6. TYPICAL JUNCTION CAPACITANCE CHARACTERISTIC 


50Q 100 
NONINDUCTIVE NONINDUCTIVE 


(+) 


PULSE 
= pee | GENERATOR 


(NOTE 2) 


(+) 
OSCILLOSCOPE 
(NOTE 1) 


INDUCTIVE 


NOTES: 
1. RISE TIME = 7ns MAX., INPUT IMPEDANCE = 1MQ, 22pF 
2. RISE TIME = 10ns MAX., SOURCE IMPEDANCE = 502 


FIGURE 7. REVERSE-RECOVERY TIME TEST CIRCUIT 
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@ HARRIS GE1301, GE1302 
SEMICONDUCTOR GE1303, GE1304 


December 1993 | | 6A, 50V - 200V Ultrafast Diodes 
Features Package 
¢ Glass-Passivated Junction AL-4 


TOP VIEW 
e Ultra-Fast Recovery Times 


e Low Forward Voltage Drop, High-Current Capability 


+ Low Leakage Current a os 
ANODE CATHODE 


e High Surge Current Capability 


Description 


The GE1301, GE1302, GE1303, and GE1304 are ultra-fast 

recovery silicon rectifiers (tag = 35ns max.) featuring low 

forward voltage drop, high-current capability. They use glass- Symbol 
passivated epitaxial construction. 


These rectifiers are intended for TV deflection, inverter, high- 
frequency power supplies, energy recovery, and output 
rectification. 


These types are supplied in unitized-glass hermetically- 
sealed AL-4 package. 


”) 
Absolute Maximum Ratings Supply Frequency of 60Hz, Resistive or Inductive Loads (Note 1) = ra 
GE1301 GE1302 GE1303 GE1304 UNITS ot eo) 
Maximum Peak Repetitive Reverse Voltage ................. VaRM 50 100 150 200 V aa 
Maximum RMS Input (Supply) Voltage ........... cece eee ees Veams 35 70 105 140 V ce 8 
Maximum DC Reverse (Blocking) Voltage...............2-. Vaoe) 50 100 150 200 Vv wl 
Maximum Average Forward Output Current Zz 
Lead Length = 0.375 in. (9.5mm); Ty = +55°C ........ se cece eee ls 6 6 6 6 A ” 
Maximum Peak Surge (Non-Repetitive) Forward Current 
For 8.3ms Half Sine Wave, Superimposed on Rated Load ...... lesm 150 150 150 150 A 
Operating Junction and Storage Temperature.............. Ty Tstg -65to+175 -65t0+175 -65to+175 -65to+175 
NOTE: 
1. For capacitive load derate current by 20%. 
Copyright © Harris Corporation 1993 File Number 2166.1 
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Specifications GE1301, GE1302, GE1303, GE1304 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


. LIMITS FOR ALL TYPES 


Maximum Instantaneous Forward-Voltage Drop at 2A pov fo = foe | 0.975 — 


Maximum Reverse Current 


At Maximum DC Reverse (Blocking) Voltage, T, = +25°C 
At Maximum DC Reverse (Blocking) Voltage, Ty, = +150°C 
Maximum Reverse Recovery Time 
At Ip = 0.5A, Ip = 1A, lpn = 0.25A 
Typical Junction Capacitance 
At Frequency = 1MHz and Applied Reverse Voltage = 4V 
Thermal Resistance 


Junction-to-Lead at 0.375 in. (9.5mm) 


Typical Performance Curves 


SINGLE-PHASE 
HALF-WAVE, 60Hz 
5 RESISTIVE OR 
INDUCTIVE LOAD 
0.375 in. (9.5mm) 

LEAD LENGTH 


Ty= +25°C 
8.3ms SINGLE HALF-WAVE 
JEDEC METHOD 


Irs, PEAK SURGE (NON-REPETITVE) 
FORWARD CURRENT (A) 
a 


Ir(ave), AVERAGE FORWARD CURRENT (A) 
@ 


0 
+25 +75 +125 +175 1 10 100 
T,, LEAD TEMPERATURE (°C) N, NUMBER OF CYCLES AT 60Hz SINE WAVE 
FIGURE 1. MAXIMUM AVERAGE FORWARD OUTPUT FIGURE 2. MAXIMUM PEAK SURGE (NON-REPETITIVE) 
CURRENT CHARACTERISTIC FORWARD CURRENT CHARACTERISTIC 
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GE1301, GE1302, GE1303, GE1304 


Typical Performance Curves (Continued) 
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Vr, FORWARD VOLTAGE DROP (V) PERCENT OF PEAK REPETITIVE REVERSE VOLTAGE (V) 
FIGURE 3. TYPICAL INSTANTANEOUS FORWARD CURRENT FIGURE 4. TYPICAL REVERSE LEAKAGE CURRENT 
CHARACTERISTIC CHARACTERISTICS 
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FIGURE 5. REVERSE-RECOVERY TIME WAVEFORM FIGURE 6. TYPICAL JUNCTION CAPACITANCE CHARACTERISTIC 


50Q 10Q 
NONINDUCTIVE NONINDUCTIVE 


(+) 
PULSE 
= re GENERATOR 
(NOTE 2) 


OSCILLOSCOPE 
(NOTE 1) 


|} INDUCTIVE 


NOTES: 
1. RISE TIME = 7ns MAX., INPUT IMPEDANCE = 1MQ, 22pF 
2. RISE TIME = 10ns MAX., SOURCE IMPEDANCE = 50 


FIGURE 7. REVERSE-RECOVERY TIME TEST CIRCUIT 
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HARRIS  RURD410, RURD415, RURD420 
SEMICONDUCTOR PUP AIS RURD415S, RURD420S 


December 1993 4A, 100V - 200V Ultrafast Diodes 
Features Package 
¢ Ultrafast with Soft Recovery................. <30ns JEDEC STYLE TO-251 
¢ Operating Temperature .............00see0: +175°C nENEM 
e Reverse Voltage Up to... 2.2... cece eee ee ceee 200V 
¢ Avalanche Energy Rated ANODE 
e Planar Construction CATHODE 
(FLANGE) 
CATHODE 
Applications 
¢ Switching Power Supplies 
JEDEC STYLE TO-252 
¢ Power Switching Circuits TOP VIEW 
¢ General Purpose 
Description 
ANODE 
RURD410, RURD415, RURD420, RURD410S, RURD415S, CATHODE 
and RURD420S (TA49034) are ultrafast diodes with soft recov- (FEANGE) CATHODE 
ery characteristics (tan < 30ns). They have low forward voltage 
drop and are ion-implanted epitaxial planar construction. 
These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast soft recovery minimize ringing and electrical noise in | Symbol 
many power switching circuits, reducing power loss in the switch- K 
ing transistors. 
The RURD410, RURD415 and RURD420 are supplied in the 2 
lead JEDEC style TO-251 package and the RURD410S, 
RURD415S and RURD420S are supplied in the 2 lead JEDEC 
style TO-252 package. A 
Due to space limitations, the brand on this part is abbreviated to 
UR410, UR415 or UR420. 
To order this part use the full part number, e.g. RURD420. 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
RURD410 RURD415 RURD420 
RURD410S RURD415S RURD420S UNITS 

Peak Repetitive Reverse Voltage. ................- Varm 100 150 200 V 
Working Peak Reverse Voltage .............-004. Vawe 100 150 200 V 
DC Blocking Voltage...........0.0ccccr cece cewoceenes Vea 100 150 200 V 
Average Rectified Forward Current ................ lF(av) 4 4 4 A 

(To = +159°C) 
Repetitive Peak Surge Current. ............. eee eee lesm 8 8 8 A 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current.................4. lesm 40 40 A 

(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation ...........ecceeeeeeees Pp 30 30 W 
Avalanche Energy (L = 40MH)...............0008. Wavi 10 10 10 mj 
Operating and Storage Temperature ............. Tstq,Ty -65 to +175 -65 to +175 -65 to +175 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


Copyright © Harris Corporation 1992 


File Number 3614.1 
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Specifications RURD410, RURD415, RURD420, RURD410S, RURD415S, RURD420S 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


SYMBOL 
VF 


LIMITS 


RURD415 
RURD415S 


RURD410 
RURD410S 


RURD420 
RURD420S 


TEST 
CONDITION 


lp = 4A, Te = +25°C 
Ip = 4A, To = +150°C 


Va = 100V, Te = +25°C 
Va = 150V, To = +25°C 
Va = 200V, To = +25°C 


MIN | 
fe ee ad 
ve oe 
7 Va = 100V, Te = +150°C fei 

Va = 150V, To = +150°C 

Vp = 200V, To = +150°C 
eyo oe 
ce 
ok ae 
ee eee ze 
| Onn | Lee! 
ee ee 
| Rac a 


pA 


a 


Ee 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300ps, D = 2%). 
l_ = Instantaneous reverse current. 
pas = Reverse recovery time (See Figure 2), summation of t, + tg. 
= Time to reach peak reverse current (See Figure 2). 
a = Time from peak Ipy to projected zero crossing of Ip based on a straight line from peak law through 25% of Ipy (See Figure 2). 
Roc = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 9 and 10). 
pw = pulse width. 
D = duty cycle. 


~~ 


Heep fh 
“ele EEE PEt 
“et E PEt 


: 


ULTRAFAST 
SINGLE DIODES 


V, AMPLITUDE CONTROLS I, +V3 
Vz AMPLITUDE CONTROLS dip/dt gag 
L, = SELF INDUCTANCE OF Ry, 1 . a A(MAX) 
+Lioop ts s Aad 
+V4 CT Ly. taqmin) 
0 ‘ ‘ ae 
i eity He 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tan WAVEFORMS AND DEFINITIONS 
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RURD410, RURD415, RURD420, RURD410S, RURD415S, RURD420S 


Typical Performance Curves 


ig, FORWARD CURRENT (A) 


0.75 1 
Ve, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP | 


Te= +25°C 


t, RECOVERY TIMES (ns) 


ip, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tap, t, AND tz CURVES vs FORWARD 
CURRENT 


Te = +175°C 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL tgp, tg AND tg CURVES vs FORWARD 
CURRENT 


5-22 


Ig, REVERSE CURRENT (A) © 


100 
Vr, REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


Tg = +100°C 


t, RECOVERY TIMES (ns) 


ir, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tap, t, AND t, CURVES vs FORWARD 
CURRENT 


I(avy, AVERAGE FORWARD CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 
FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 


RURD410, RURD415, RURD420, RURD410S, RURD415S, RURD420S 


Imax = 1A 
L =» 40mH 
R<0.10 P 
Wav = 1/2LI° [Vavi/(Vavi - Yop)] 
Q, & Q, ARE 1000V MOSFETs Q, L R id 
Vop 
a 1302 
y I DUT 
nt wv 
d+- CURRENT 
130Q ‘- SENSE 
Vop 
] “4 | 
12V ty ty te —— 
FIGURE 9. AVALANCHE ENERGY TEST CIRCUIT FIGURE 10. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 
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HARRIS  RURD440, RURD450, RURD460 
SEMICONDUCTOR RURD440S, RURD450S, RURD460S 


January 1994 4A, 400V - 600V Ultrafast Diodes 
Features Package 
¢ Ultrafast with Soft Recovery..............cseeee8% <55ns JEDEC STYLE TO-251 
TOP VIEW 
¢ Operating Temperature.............0000. are +175°C 
¢ Reverse Voltage Up To ......... cece cee eecncevees 600V 
¢ Avalanche Energy Rated 7 ANODE 
CATHODE 
e¢ Planar Construction (FLANGE) pee 
Applications 
¢ Switching Power Supplies JEDEC STYLE TO-252 
¢ Power Switching Circuits TOP VIEW 


¢ General Purpose 


Description 7 ANODE 
CATHODE 
RURD440, RURD450, RURD460, RURD440S, RURD450S and (FLANGE) 
RURD460S (TA49035) are ultrafast diodes with soft recovery char- P-L] CATHODE 
acteristics (tarp < 55ns). They have low forward voltage drop and are 
silicon nitride passivated ion-implanted epitaxial planar construction. 
These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and Symbol 
ultrafast soft recovery minimize ringing and electrical noise in 
many power switching circuits reducing power loss in the switching de 
transistors. 
The RURD440, RURD450 and RURD460 are supplied in the 2 
lead JEDEC style TO-251 package and the RURD440S, 
RURD450S and RURD460S are supplied in the 2 lead JEDEC 
style TO-252 package. A 
Due to space limitations, the brand on this part is abbreviated to 
UR440, UR450 or UR450. 
To order this part use the full part number, e.g. RURD460. 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
RURD440 RURD450 RURD460 
RURD440S RURD450S RURD460S UNITS 
Peak Repetitive Reverse Voltage...............04. Varm 400 500 600 V 
Working Peak Reverse Voltage ................06- Vawm 400 500 600 Vv 
DC Blocking Voltage... ..... cece cece eee ee aes Vr 400 500 600 V 
Average Rectified Forward Current ........:....... lF(AV) 4 4 4 A 
(To = +1 60°C) 
Repetitive Peak Surge Current.................000. lesm 8 8 8 A 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current.................. lesm 40 40 40 A 
(Halfwave, 1 phase, 60Hz) . 
Maximum Power Dissipation ................00 ee eee Pp 50 50 50 W 
Avalanche Energy (L = 40mMH).................05- Wavt 10 10 10 mj 
Operating and Storage Temperature ............. Tsta, Ty -65 to +175 -65 to +175 -65 to +175 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number: 3140 
Copyright © Harris Corporation 1994 5-24 


Specifications RURD440, RURD450, RURD460, RURD440S, RURD450S, RURD460S 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


LIMITS 
RURD440, RURD440S RURD450, RURD450S RURD460, RURD460S | 
UN 


TYP 
1.5 


on 


ITS 
V 


= 400V, Tg = +150°C 
Va = 500V, To = +150°C 
Va = 600V, To = +150°C 
Ip = 1A, di,/dt = 100A/us 


anh, 


“eel EEEEEEE LLB 


.?) 


—_ | — |] Gd 
o1 ory Ph 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300ps, D = 2%). 
In = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
t, = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ip, based on a straight line from peak Ipy through 25% of Iny (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 9 and 10). 
pw = pulse width. 
D = duty cycle. 


ULTRAFAST 
SINGLE DIODES 


V, AMPLITUDE CONTROLS Ir +V3 

Vz AMPLITUDE CONTROLS dip/dt oem 8 

L, = SELF INDUCTANCE OF R, 1 ogee 

+LLoop te . he 
+V4 4. taqmin) 
| Rg 10 
0 ' ) oe 
i eit, 
oe 
atime ty 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. taj WAVEFORMS AND DEFINITIONS 
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RURD440, RURD450, RURD460, RURD440S, RURD450S, RURD460S 


Typical Performance Curves 
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FIGURE 5. TYPICAL tap, ta AND tg CURVES vs FORWARD FIGURE 6. TYPICAL tpn, tg AND tg CURVES vs FORWARD 
CURRENT CURRENT 
To = +175°C 


wii 


t, RECOVERY TIMES (ns) 
” : 
vi 
Ie(av), AVERAGE FORWARD CURRENT (A) 
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FIGURE 7. TYPICAL tap, ta AND tg CURVES vs FORWARD FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT 
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RURD440, RURD450, RURD460, RURD440S, RURD450S, RURD460S 


Imax = 1A 

L = 40mH 

R<0.10 

Wave = 1/2LI? [(Vavi/(Vavi - Vpp)] 

Q; & Gz ARE 1000V MOSFETs, L R id 
Vpp 

< 1302 
y | DUT 
fT iv 
t- CURRENT 
13002 ‘- SENSE 
Vpp 
] x | 
12V " ty te = 
FIGURE 9. AVALANCHE ENERGY TEST CIRCUIT FIGURE 10. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 


ULTRAFAST 
SINGLE DIODES 


5-27 


HARRIS MUR810, RURP810, MUR815, 
sewrconpucto® PiyPP815, MUR820, RURP820 


December 1993 8A, 100V - 200V Ultrafast Diodes 
Features _ Package 
e Ultrafast Recovery Time (tar < 35ns) JEDEC TO-220AC 
TOP VIEW 
e Low Forward Voltage 
e Low Thermal Resistance encieae 
¢ Planar Design (FLANGE) _——— ANODE 
e Wire-Bonded Construction | . CATHODE 
Applications 
¢ General Purpose 
° Power Switching Circuits to 100kHz 
¢ Output Rectification in Switching Power Supplies Sy mbol 
Description ” 
MUR810, MUR815, MUR820 and RURP810, RURP815, 
RURP820 are low forward voltage drop ultrafast recovery 
rectifiers (taa < 35ns). They use a glass-passivated ion- 
implanted, epitaxial construction. 
These devices are intended for use as output rectifiers and A 
flywheel diodes in a variety of high-frequency pulse-width 
modulated switching regulators. Their low stored charge and 
attendant fast reverse-recovery behavior minimize electrical 
noise generation and in many circuits markedly reduce the 
turn-on dissipation of the associated power switching 
transistors. 
All are supplied in JEDEC TO-220AC packages. 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
MUR810 MUR815 MUR820 
RURP810 RURP815 RURP820 UNITS 

Peak Repetitive Reverse Voltage. ........ 2. ccc cece e ee ee ene Vero 100 150 200 V 
Average Rectified Forward Current 

Ta = +25°C (No Heat Sink)......... 0.00 ccc cece cece e cece eeues IF(AV) 3 3 3 A 

Ta = +25°C (With Heat Sink) Note 1............ 2 cece eee eee eee levy 8 8 8 A 

Ta SOC Seabee shiek wna dees eee bY hewn hae eae aee lF(AV) 8 8 8 A 
Nonrepetitive Peak Surge Current..... 0... 0... cece cece ee eee eee lEsm 100 100 100 A 

(8.3ms, '/, cycle) 

Operating and Storage Temperature .......... 0... cece eee eee Tstg.ty -65 to +175 -65 to +175 -65 to +175 °C 
Maximum Lead Temperature During Solder ......... 0.0... cee eee eens Th +260 +260 +260 °C 

(At distance > '/, inches (3.17mm) from case for 10s max) 
NOTE: 

1. Wakefield type 295 heat sink with convection cooling. 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 1 3 5 5 3 
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Specifications MUR810, MUR815, MUR820 RURP810, RURP815, RURP8&20 
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Lye | max | MIN | TyP_| MAX | 


+150°C 
+150°C 
+150°C 
+25°C 


+150°C 
425°C 
OA 


TEST CONDITION 


10V, Ir 


= 200V To 
1A (Note 1) 


200V, To 


Vp = 100V, To 


Ip = 8A, To 
le = 8A, To 
Va = 150V, To 


VR 
VR 
VR 


SYMBOL | 
Ve 
Ve 
Cy 


NOTE: 


0.25A. 


SOA/US, Im (REC) < 1A, IRR 


1. dig/dt 


Typical Performance Curves 
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FIGURE 2. THERMAL IMPEDANCE vs PULSE WIDTH 
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N, NUMBER OF HALF-CYCLES IN SURGE DURATION AT 60Hz 
FIGURE 1. PEAK SURGE FORWARD CURRENT vs SURGE 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
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cas HARRIS MUR840, RURP840, MUR850, 
—""* RURP850, MUR860, RURP860 


December 1993 | 8A, 400V - 600V Ultrafast Diodes 
Features Package 
e Ultrafast Recovery Time (tar < 50ns) JEDEC TO-220AC 
TOP VIEW 


e Low Forward Voltage 

e Low Thermal Resistance 

e Hard Glass Passivation CATHODE 
(FLANGE) 

e Wire-Bonded Construction 


Applications 


e General Purpose 

¢ Power Switching Circuits to 100kHz 

¢ Output Rectification in Switchng Power Supplies 
Description 


MUR840, MUR850, MUR860 and RURP840, RURP850, 
RURP860 are low forward voltage drop ultrafast recovery 
rectifiers (tan < 50ns). They use a glass-passivated ion- 


Symbol 


Bigs oath ; K 

implanted, epitaxial construction. 

These devices are intended for use as output rectifiers and 

flywheel diodes in a variety of high-frequency pulse-width 

modulated switching regulators. Their low stored charge and 

attendant fast reverse-recovery behavior minimize electrical - 

noise generation and in many circuits markedly reduce the 

turn-on dissipation of the associated power switching tran- 

sistors. 

All are supplied in JEDEC TO-220AC packages. 

Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 

MUR840 MUR850 MUR860 
RURP840 RURP850 RURP860 

Peak Repetitive Reverse Voltage. .... 2.2... ccc cee eee ee ee ences VaRM 400V 500V 600V 
Working Peak Reverse Voltage, VRWM 
DC Blocking Voltage, VR 

Average Rectified Forward Current ...... 0... ccc cece cece ee eee eee eeees lE(AV) 8A 8A 8A 
Total Device, (Rated Vp), To = +150°C 

Peak Repetitive Forward Curent ... 0... . cece cece eee ee ee ee ee eee lem 16A 16A 16A 
(Rated Vp, Square Wave, 20kKHZ), Tc = +150°C 

Nonrepetitive Peak Surge Current... 0... ccc cece cece etter ene lesm 100A 100A 100A 
(Surge Applied at Rated Load Conditions Halfwave, Single Phase, 60Hz) 

Operating and Storage Temperature .... 0... cece eee cee eee Tstq Ty -65°C to +175°C -65°C to +175°C -65°C to +175°C 

Maximum Lead Temperature During Solder ........ 0... ccc ce eee eee eens Tr 260°C 260°C 260°C 
(At distance > '/," (3.17mm) from case for 10s max) 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2091 y) 
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Specifications MUR840, MUR850, MUR860, RURP840, RURP850, RURP860 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


2 
To = +150°C 


Va = 500V 
Va = 600V 


LIMITS 


MUR840, RURP840 | MUR850, RURP850 MUR860, RURP860 
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1. dip/dt = 50A/ps. 
2. Ip = 1.0A, IREc = 0.254. 


ULTRAFAST 
SINGLE DIODES 
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MUR840, MUR850, MUR860, RUR840, RUR850, RUR860 © 


Typical Performance Curves 
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FIGURE 1. TYPICAL FORWARD VOLTAGE (MUR840, RUR840) FIGURE 2. TYPICAL FORWARD VOLTAGE (MUR850, MUR860, 
RUR850, AND RUR860) 


- me ee ae 


Ty = +150°C 


In, REVERSE LEAKAGE CURRENT (1A) 
° 
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Vp, CATHODE - ANODE VOLTAGE (V) ae Sagiiode - ANODE VOLTAGE (V) 


FIGURE 3.TYPICAL REVERSE LEAKAGE (MUR840,RURP840) FIGURE 4. TYPICAL REVERSE LEAKAGE (MUR850, MUR860, 
RURP850, AND RURP860) 


TYPICAL REVERSE RECOVERY TIME 
di-/dt = 100A/ys 
Vp = 30V Ty = +25°C 


tan, REVERSE RECOVERY TIME (ns) 


Ir, FORWARD CURRENT (A) 
FIGURE 5. TYPICAL REVERSE RECOVERY TIME (ALL TYPES) 
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MUR870E, MUR880E, MUR890E 
Co MARIS MUR8100E, RURP8&70, RURP8&&0 
RURP890, RURP8100 


December 1993 8A, 700V - 1000V Ultrafast Diodes 
Features Package 
e Ultrafast with Soft Recovery Characteristic JEDEC TO-220AC 
(tan < 75ns) TOP VIEW 
e¢ +175°C Rated Junction Temperature 
CATHODE a 
e Reverse Voltage Up to 1000V -s > ANODE 
e Avalanche Energy Rated 
>> CATHODE 
Applications — 
e Switching Power Supply 
¢ Power Switching Circuits 
e General Purpose Symbol 
Description 
K 
MUR870E, MUR880E, MUR890E, MUR8100E_ and 
RUR870, RUR880, RUR890, RUR8100 are ultrafast dual 
diodes (tar < 75ns) with soft recovery characteristics (t,/ 
= 0.5). They have a low forward voltage drop and are of 
planar, silicon nitride passivated, ion-implanted, epitaxial 
construction. A - fH 
Q 
These devices are intended for use as energy steering/ . e) 
clamping diodes and rectifiers in a variety of switching power z QO 
supplies and other power switching applications. Their low = i 
stored charge and ultrafast recovery with soft recovery char- a! 
acteristics minimizes ringing and electrical noise in many = = 
power switching circuits thus reducing power loss in the 
switching transistor. 
All are supplied in JEDEC style TO-220AC packages. 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
MUR870E MUR880E MUR890E MUR8100E 
RURP870 RURP880 RURP890 RURP8100 
Peak Repetitive Reverse Voltage. ..............06- VaRM 700V 800V 900V 1000V 
Working Peak Reverse Voltage ................06. VRwM 700V 800V 900V 1000V 
DC Blocking Voltage... 2.2... 2. cece cece eee eee Ve 700V 800V 900V 1000V 
Average Rectified Forward Current ................ IE(AV) 8A 8A 8A 8A 
Total device forward current at rated 
Vp and To = +150°C) 
Peak Forward Repetitive Current................6.. leRM 16A 16A 16A 16A 
(Rated Vp, square wave 20kKHZ) 
Nonrepetitive Peak Surge Current...............04. lesm 100A 100A 100A 100A 
(Surge applied at rated load condition 
halfwave 1 phase 60Hz) 
Operating and Storage Temperature ............ Tstg, Ty -55°C to+175°C 9=-55°C to +175°C §9=-55°C to+175°C 3=— -55°C to +175°C 
Copyright © Harris Corporation 1993 File Number 2780.2 
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MUR870E, MUR880E, MUR890E, MUR8100E, RURP870, RURP880, RURP890, RURP8100 


LIMITS 


MUR870E, MURS880E, MUR890E, MURS8100E, 
RURP870 | RURP880 RURP890 RURP8100 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 
TEST 


CONDITION 
Ve 
To = +25°C 


Vp = 800V 
Va = 900V 


Cc 
z 
= 
Mm - 


DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lz = Instantaneous reverse current. 
tar = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
tg = Time from peak Igy, to projected zero crossing of Ip based on a straight line from peak law through 25% of Ini (See Figure 2). 
Rejc = Thermal resistance junction to case. 


Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
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b 
on 
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me) 
i>) 
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D = duty cycle. 
V, AMPLITUDE CONTROLS I +V3 
V2 AMPLITUDE CONTROLS di/dt te ost 
L,=SELFINDUCTANCE OFR, "t a 
+LLoop ty3>0 
< Ly Sang 
Rg 10 
0 . ® oe 
i mit, he 
—— 
ity | 


VRM (REC) “777° 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. DEFINITIONS OF tap, tg AND tg 
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MUR870E, MUR880E, MUR890E, MUR8100E, RURP870, RURP880, RURP890, RURP8100 


Typical Performance Curves 
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FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 
CHARACTERISTIC 
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Ve, FORWARD VOLTAGE (V) 
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FIGURE 5. AVERAGE FORWARD CURRENT vs CASE 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 4. AVERAGE FORWARD CURRENT vs AVERAGE 
POWER DISSIPATION 


Roya = +60°C/W 
(NO HEAT SINK) 


Ir(ave)» AVERAGE CURRENT (A) 


ALi tilt 


: 

abies, 
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Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 6. AVERAGE FORWARD CURRENT vs AMBIENT 
TEMPERATURE 


FIGURE 8. CURRENT VOLTAGE WAVEFORM 
I_peak = 1A, L = 40mH, R < 0.10, Wayt = ("/o) LI7[Vavi(Vavi - Vpp)] 


ULTRAFAST 
SINGLE DIODES 


HARRIS MUR1510, RURP1510, MUR1515, 
—"" RURP1515, MUR1520, RURP1520 


December 1993 


Features 


e Ultrafast with Soft Recovery Characteristic 
(tan < 30ns) 


¢ +175°C Rated Junction Temperature 
e Reverse Voltage Up to 200V 
e Avalanche Energy Rated 


15A, 100V - 200V Ultrafast Diodes 


Package 
JEDEC TO-220AC 
TOP VIEW 
CATHODE Lm 


a 


poe CATHODE 


Applications — 
¢ Switching Power Supply 
¢ Power Switching Circuits 
¢ General Purpose Symbol 
Description | 
K 
MUR1510, MUR1515, MUR1520 and RUR1510, RUR1515, 
RUR1520 are ultrafast dual diodes (tap < 30ns) with soft 
recovery characteristics (ta/tg = 2). They have a low forward 
voltage drop and are of planar, silicon nitride passivated, ion- 
implanted, epitaxial construction. 
A 
These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching power 
supplies and other power switching applications. Their low 
stored charge and ultrafast recovery with soft recovery char- 
acteristics minimizes ringing and electrical noise in many 
power switching circuits thus reducing power loss in the 
switching transistor. 
All are supplied in JEDEC TO-220AC packages. 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
MUR1510 MUR1515 MUR1520 
RURP1510 RURP1515 RURP1520 
Peak Repetitive Reverse Voltage. ........... cece eee eee eens Varo 100V 150V 200V 
Working Peak Reverse Voltage .......-. cece eee cece eet eeee Veawa 100V 150V 200V 
DG BIOCKING VONEOG. 46) id cca ceekaw sdees tae adie se eeee eed Va 100V 150V 200V 
Average Rectified Forward Current ........ 0... cece eee eee eee lF(aV) 15A 15A 15A 
(Total device forward current at rated Vp and Tg = +150°C) 
Peak Forward Repetitive Current... 0.0.2... cece ee ee eee cece leRM 30A 30A 30A 
(Rated Vp, square wave 20kHZ) 
Nonrepetitive Peak Surge Current......... 0. cece cece eee e enone lesm 200A 200A 200A 
(Surge applied at rated load condition halfwave 1 phase 60Hz) 
Operating and Storage Temperature ............... cece ee eee Tsta, Ty -55°C to+175°C = -55°C to +175°C ~=—s_- -55°C to +175°C 


Copyright © Harris Corporation 1993 


File Number 2779.2 
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Specifications MUR1510, MUR1515, MUR1520, RURP1510, RURP1515, RURP1520 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 


| LIMITS 
= TEST es 
SYMBOL inne 
Ve 


Gd} ® = 
oO}; © jo) 


CONDITION Y 
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Te = +1 50°C 
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Te = +25°C 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300yus, D = 2%). 
I; = Instantaneous reverse current. 
tar = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current at di-/dt = 100A/ys (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ix, based on a straight line from peak Ipy through 25% of Ipw (See Figure 2). 
Rec = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


ULTRAFAST 
SINGLE DIODES 


V, AMPLITUDE CONTROLS If 
V2 AMPLITUDE CONTROLS di/dt 


L,=SELFINDUCTANCEOFR, 1 11 2 StACMAX) 
+LLoop : tan 
Ly Z ta(MIN) 


Ra 10 


VAM (REC) “7000777 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. DEFINITIONS OF tap, t, AND ts 
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MUR1510, MUR1515, MUR1520, RURP1510, RURP1515, RURP1520 


Typical Performance Curves 
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FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 


CHARACTERISTIC 
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FIGURE 5. TYPICAL tgp, ta AND tg CURVES vs FORWARD 
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FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 
CHARACTERISTIC 
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FIGURE 6. TYPICAL CURRENT DERATING CURVE vs CASE 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. CURRENT VOLTAGE WAVEFORM 


I_peak = 1A, L = 40mH, R < 0.10, Way, = ("/2) LI7[Vayi(Vavi - Voo)] 
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ta FIARRIS MUR1540, RURP1540, MUR1550, 
—!S" RURP1550, MUR1560, RURP1560 


December 1993 15A, 400V - 600V Ultrafast Diodes 
Features Package 
¢ Ultrafast with Soft Recovery Characteristic JEDEC TO-220AC 
(tan < 55ns) TOP VIEW 


e +175°C Rated Junction Temperature 


CATHODE hm 
¢ Reverse Voltage Up to 600V (FLANGE) ANODE 
e Avalanche Energy Rated fas 
> CATHODE 
Applications — 


e Switching Power Supply 

e Power Switching Circuits 

¢ General Purpose Symbol 
Description 


MUR1540, MUR1550, MUR1560 and RUR1540, RUR1550, 
RUR1560 are ultrafast dual diodes (tap < 55ns) with soft 
recovery characteristics (ta/tg = 2). They have a low forward 
voltage drop and are of planar, silicon nitride passivated, ion- 
implanted, epitaxial construction. 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching power 
supplies and other power switching applications. Their low 
stored charge and ultrafast recovery with soft recovery char- 
acteristics minimizes ringing and electrical noise in many 
power switching circuits thus reducing power loss in the 
switching transistor. 


All are supplied in JEDEC TO-220AC packages. 


ULTRAFAST 
SINGLE DIODES 


Absolute Maximum Ratings (Tg = +25°C), Unless Otherwise Specified 
MUR1540 MUR1550 MUR1560 
RURP1540 RURP1550 RURP1560 


Peak Repetitive Reverse Voltage... 2.0... cc cece ce cee cena Varo 400V 500V 600V 
Working Peak Reverse Voltage .... 0... ccc cece eee eee eee eee Vaws 400V 500V 600V 
DO. Blocking VORnEG6 ss. iscdetatasheanige ewes see teas tees eas Vr 400V 500V 600V 


Average Rectified Forward Current ....... 0... 0c cece eee ee eees lE(av) 15A 15A 15A 
(Total device forward current at rated Vp and Tg = +150°C) 


Peak Forward Repetitive Current... 0.0.0... . ccc cece eee ee eee eee leam 30A 30A 30A 
(Rated Va, square wave 20kHZ) 


Nonrepetitive Peak Surge Current... 2.2... ec eeecceeeeeeeee lesm 200A 200A 200A 
(Surge applied at rated load condition halfwave 1 phase 60Hz) 


Operating and Storage Temperature ..........-.-....22 2c eee Tstq, Ty -55°C to+175°C = -55°C to +175°C ~—s- -55°C to + 175°C 
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_ Specifications MUR1540, MUR1550, MUR1560, RURP1540, RURP1550, RURP1560 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 


SYMBOL 
F 


Vv 


LIMITS 
MUR1540, RURP1540 MUR1550, RURP1550 MUR1560, RURP1560 
TYP TYP 


TEST 
CONDITION 


Ip = 154 
Te = +150°C 


lp at Vea = 400V 
Tco= ? 
Cc +150°C Va = 500V 
= 600V . 
a (e) 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300yus,D = 2%). 
ln = Instantaneous reverse current. 
tap = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ip based on a straight line from peak Ipy through 25% of Ip (See Figure 2). 
Rec = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 


PEPE EEEEEEEEELT TB 


D = duty cycle. 
V, AMPLITUDE CONTROLS Ir +V3 
V2 AMPLITUDE CONTROLS di/dt en 
L, = SELF INDUCTANCE OF R, 1 . a ila 
+Ltoop to >0 ‘i 


ay 


ViRM (REC) 700070777 
FIGURE 1. tag TEST CIRCUIT FIGURE 2. DEFINITIONS OF tap, ta AND tg 
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MUR1540, MUR1550, MUR1560, RURP1540, RURP1550, RURP1560 


Typical Performance Curves 
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FIGURE 5. TYPICAL tar, tg AND tg CURVES vs FORWARD FIGURE 6. TYPICAL CURRENT DERATING CURVE vs CASE 
CURRENT TEMPERATURE 


Q, L R +Q 
Vpp 
1302 
DUT 
Qo 
d- CURRENT 
1300 ‘- SENSE 
Vpp 
e © 
12V ) , to t; to t—> 
FIGURE 7. AVALANCHE ENERY TEST CIRCUIT FIGURE 8. CURRENT VOLTAGE WAVEFORM 


I.peak = 1A, L = 40mH, R < 0.10, Way, = ("/2) LI7[VayiVavi = Vpp)] 
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RURP1570, RURP1580 
RURP1590, RURP15100 


December 1993 15A, 700V - 1000V Ultrafast Diodes 
Features Package 
e Ultrafast with Soft Recovery Characteristic JEDEC TO-220AC 
(tan < 100ns) TOP VIEW 
e +175°C Rated Junction Temperature 
CATHODE — 
e Reverse Voltage Up to 1000V (FLANGE) nny ANODE 
¢ Avalanche Energy Rated 
> CATHODE 
Applications —— 
e Switching Power Supply 
e Power Switching Circuits 
¢ General Purpose Symbol 
Description 
K 
RURP1570, RURP1580, RURP1590, RURP15100 are 
ultrafast diodes with soft recovery characteristics 
(tan < 100ns). They have a low forward voltage drop and 
are silicon nitride passivated, ion-implanted, epitaxial con- 
struction. 
A 
These devices are intended for use as freewheel/clamping 
diodes and rectifiers in a variety of switching power supplies 
and other power switching applications. Their low stored 
charge and ultrafast recovery with soft recovery characteris- 
tics minimizes ringing and electrical noise in many power 
switching circuits thus reducing power loss in the switching 
transistor. 
All are supplied in JEDEC TO-220AC packages. 
Absolute Maximum Ratings (T,. = +25°C), Unless Otherwise Specified 
RURP1570 RURP1580 RURP1590 RURP15100 
Peak Repetitive Reverse Voltage. ............... cee eeee Varm 700V 800V 900V 1000V 
Working Peak Reverse Voltage ............. cess cece eee Vawn 700V 800V 900V 1000V 
DC. BlOCKINd VONAGG. ici castes i ewaeses kes eo eee se a4 Va 700V BO0V 900V 1000V 
Average Rectified Forward Current .............. eee eee lF(aV) 15A 15A 15A 15A 
(Total device forward current at rated Vp and To = +150°C) 
Peak Forward Repetitive Current.......... 0... cee wees lERM 30A 30A 30A 30A 
(Rated Vp, square wave 20kHZ) 
Nonrepetitive Peak Surge Current..............0 cece wees FSM 200A 200A 200A 200A 
(Surge applied at rated load condition halfwave 1 phase a 
Maximum Power Dissipation ............c ce cec cece eeenes Pp 100W 100W 100W 100W 


Operating and Storage Temperature ...............06. Tstaq, Ty -65°C to +175°C -65°C to +175°C -65°C to +175°C -65°C to +175°C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
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Specifications RURP1570, RURP1580, RURP1590, RURP15100 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 


LIMITS 


a 
Cc 
P*) 
Uv 
at 
on 
| 
Oo 
xv 
Cc 
»!) 
"0 
a 
oi 
© 
=) 
J 
Cc 
PS) 
n°] 
oh, 
or 
o 
© 
P| 
Cc 
P| 
© | 
ah 
oa 
ao 
i=] 
oS 


3 


= 


g 


AE EEEEEELELT [3 
= 

° Cc 
late} lle] EE EER! | 4 


om. 
NO NS : 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300ps, D = 2%). 
lp = Instantaneous reverse current . 
tar = Reverse recovery time at dl-/dt = 100A/s (See Figure 2), summation of t, + tg. 
t, = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ip, based on a straight line from peak Ipy through 25% of Ipyy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I- 
V2 AMPLITUDE CONTROLS di/dt 


L,;=SELFINDUCTANCEOFR, 71 ty 2 Stamax) 
+Lioop ta> tar 
tg>0 
Bi SAqmin) 


Rg 10 


Vam (REC) errr tty 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. DEFINITIONS OF tap, t, AND tg 
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ULTRAFAST 
SINGLE DIODES 


RURP1570, RURP1580, RURP1590, RURP15100 


Typical Performance Curves 
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FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 
CHARACTERISTIC CHARACTERISTIC 
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FIGURE 5. TYPICAL tpn, ta AND tg CURVES vs FORWARD FIGURE 6. TYPICAL CURRENT DERATING CURVE vs CASE 
CURRENT TEMPERATURE 
Q, L R +Q 
Vpp 
i 1302 
y l | DUT 
| soy 
JL 
q- CURRENT 
1300 ‘- SENSE 
Vpp 
I] 4 -C 
12V 
FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. CURRENT VOLTAGE WAVEFORM 


I.peak = 1A, L = 40mH, R < 0.12, Way. = (%>) LI7[Vayi/(Vavi - Voo)] 
Q1 AND Q2 ARE 1000V MOSFETs 
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HaRRIs FRURP3010, RURP3O015 
SEMICONDUCTOR RURP3020 


December 1993 30A, 100V - 200V Ultrafast Diodes 
Features Package 
e Ultrafast with Soft Recovery Characteristic JEDEC TO-220AC 
(tar < 45ns) TOP VIEW 
e¢ +175°C Rated Junction Temperature 
CATHODE — 
e Reverse Voltage Up to 200V (FLANGE) "> ANODE 
e¢ Avalanche Energy Rated 
eal > CATHODE 
Applications | — 


¢ Switching Power Supply 
e¢ Power Switching Circuits 


e General Purpose 
i ost Symbol 
Description 


RURP3010, RURP3015, RURP3020 are ultrafast diodes K 
(tan < 45ns) with soft recovery characteristics (ta/tg = 1). 
They have a low forward voltage drop and are of planar, sili- 
con nitride passivated, ion-implanted, epitaxial construction. 


These devices are intended for use as energy steering/ 

clamping diodes and rectifiers in a variety of switching power A 
supplies and other power switching applications. Their low 

stored charge and ultrafast recovery with soft recovery char- 

acteristics minimizes ringing and electrical noise in many 

power switching circuits thus reducing power loss in the 

switching transistor. 


All are supplied in JEDEC TO-220AC packages. 


ULTRAFAST [an 
SINGLE DIODES filam 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 


RURP3010 RURP3015 RURP3020 
Peak Repetitive Reverse Voltage... 0... .. cece ccc cece eee eens VearmM 100V 150V 200V 
Working Peak Reverse Voltage ....... 0... eee ee eee ee eee eee Vawa 100V 150V 200V 
DG Blocking Voltages a5. cicnwatetowsstuaheseetawesaeetes’ awed Vr 100V 150V 200V 
Average Rectified Forward Current .......... 0. cece eee ee eee wees lEyavy 30A 30A 30A 
(Total device forward current at rated Vp and To = +150°C) 
Peak Forward Repetitive Current...........00ceceeceeeececeeeeee lean 70A 70A 70A 
(Rated Vp, square wave 20kHZ) 
Nonrepetitive Peak Surge Current... 2.0.2... c cece eee cee eee legu 325A 325A 325A 
(Surge applied at rated load condition halfwave 1 phase 60Hz) 
Operating and Storage Temperature ............. cee cece eens Tstq, Ty -55°C to +175°C 3=—- -55°C to +175°C )3=— -55°C to +175°C 
Copyright © Harris Corporation 1993 File Number 2777.3 
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Specifications RURP3010, RURP3015, RURP3020 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 


| ] | | LIMITS 
| | TEST | 
SYMBOL CONDITION 
Ve | 


Ir at 
To = +150°C 


bh 
163) 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
I; = Instantaneous reverse current. 
tan = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of t, + tg. 
t, = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ip. based on a straight line from peak Ipy through 25% of Iny (See Figure 2). 
Resc = Thermal resistance junction to case. | 
Wavi = Controlied avalanche energy (See Figures 7 and 8). 
pw = pulse width. 


D = duty cycle. 
V, AMPLITUDE CONTROLS ir +V5 
V2 AMPLITUDE CONTROLS di/dt pe 
L; = SELF INDUCTANCE OF R, 1 : . a 
+Lioop ts>0 
+Vj bah < SaqMin) 
| Rg 10 
0 . oe 
f mi he 
<> 
ity: 
a) ae tg 


VRM (REC) “00077 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. DEFINITIONS OF tag, ta AND tg 
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RURP3010, RURP3015, RURP3020 


Typical Performance Curves 
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‘ILpeak = 1A, L = 40mH, R < 0.10, Way: = (4/2) LI?[Vayi(Vavi - Vo) ] 
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SEMICONDUCTOR 


December 1993 


Features 


e Ultrafast with Soft Recovery Characteristic 
(tar < 55ns) 


¢ +175°C Rated Junction Temperature 
e Reverse Voltage Up to 600V 


arRRis RURP3040, RURP3050 


RURP3060 


30A, 400V - G00V Ultrafast Diodes 


Package 


JEDEC TO-220AC 
TOP VIEW 


CATHODE 
(FLANGE) | 


e Avalanche Energy Rated 


Applications 

¢ Switching Power Supply 
¢ Power Switching Circults 
¢ General Purpose 


Description 


RURP3010, RURP3015, RURP3020 are ultrafast diodes 
(tag < 55ns) with soft recovery characteristics (ta/tg = 1). 
They have a low forward voltage drop and are of planar, sili- 
con nitride passivated, ion-implanted, epitaxial construction. 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching power 
supplies and other power switching applications. Their low 
stored charge and ultrafast recovery with soft recovery char- 
acteristics minimizes ringing and electrical noise in many 
power switching circuits thus reducing power loss in the 
switching transistor. 


All are supplied in JEDEC TO-220AC packages. 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 


RURP3040 
Peak Repetitive Reverse Voltage. .... 0... eee ec ee cee ence Verm 400V 
Working Peak Reverse Voltage ...... 0.02. cc eee ee eee eee eee Vewa 400V 
DC Blocking Voltage. ......... cece cece cece eect ees Ceatdtany Sarena Vr 400V 
Average Rectified Forward Current ........ 0. c eee e ete eee ee ees lE(AV) 30A 
(Total device forward current at rated Vp and To = +150°C) 
Peak Forward Repetitive Current... 2.0... 0... cece eee cee eee ees leRM 70A 
(Rated Vp, square wave 20kHZ) 
Nonrepetitive Peak Surge Current..... 0.0... . cece eee eee eee lesm 325A 
(Surge applied at rated load condition halfwave 1 phase 60Hz) 
Operating and Storage Temperature ............ 0. cece cece eeee Tstq Ty -55°C to +175°C 


Copyright © Harris Corporation 1993 
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Symbol 


RURP3050 


500V 
500V 
500V 

30A 


70A 


325A 


RURP3060 
600V 
600V 
600V 

30A 


70A 


325A 


-55°C to +175°C = -55°C to +175°C 


File Number 2776.2 


Specifications RURP3040, RURP3050, RURP3060 


Electrical Specifications T, = +25°C, Unless Otherwise Specified. 


LIMITS 


ae RURP3040 RURP3050 RURP3060 | 
SYMBOL CONDITION P | UNITS 


Ve Ip = 30A 1.30 
Te = +1 50°C 
Ip = 30A 
To +25°C 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300s, D = 2%). 
lk = Instantaneous reverse current. 
tap = Reverse recovery time at di-/dt = 100A/ps (See Figure 2), summation of t, + tg. 
t, = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of I_py based on a straight line from peak Ipy through 25% of I_y (See Figure 2). 
Resco = Thermal resistance junction to case. 
Wav = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 
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VRM (REC) “ro 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. DEFINITIONS OF tap, ty AND tg 
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ULTRAFAST 
SINGLE DIODES 


RURP3040, RURP3050, RURP3060 


Typical Performance Curves 
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I_peak = 1A, L = 40mH, R < 0.10, Way, = ("/) LI7[Vayi(Vavi - Vpp)] 
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tH 


December 1993 


HaRRis PRPURP3070, RURP3080 
semicowoust’® RURP3090, RURP30100 


30A, 700V - 1000V Ultrafast Diodes 


Features Package 
¢ Ultrafast with Soft Recovery Characteristic JEDEC TO-220AC 
(tap < 110ns) TOP VIEW 
¢ +175°C Rated Junction Temperature 
CATHODE — 
¢ Reverse Voitage Up to 1000V (FLANGE) —— ANODE 
¢ Avalanche Energy Rated 
Ge eer 
e Planar Construction CATHODE 
Applications 
¢ Switching Power Supply 
¢ Power Switching Circuits 
Symbol 
e¢ General Purpose 
Description K 
RURP3070, RURP3080, RURP3090, RURP30100 are 
ultrafast diodes with soft recovery characteristics 
(tan < 110ns). They have a low forward voltage drop and are 
silicon nitride passivated, ion-implanted, epitaxial construc- 
tion. A ” 
. pe Wl 
These devices are intended for use as flywheel/clamping ” a 
diodes and rectifiers in a variety of switching power supplies < = 
ae pete f jan 
and other power switching applications. Their low stored charge = Ww 
and ultrafast recovery with soft recovery characteristics mini- K a 
mizes ringing and electrical noise in many power switching cir- >> 
Cuits thus reducing power loss in the switching transistor. rT) 
All are supplied in JEDEC TO-220AC packages. 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
RURP3070 RURP3080 RURP3090 RURP30100 
Peak Repetitive Reverse Voltage............... cece eee Varo 700V 800V S00V 1000V 
Working Peak Reverse Voltage ............0 cece cece eee Vawa 700V 800V 900V 1000V 
DC Blocking Voltage... 6 c66 sess seed oes eevee ees desde Vp 700V 800V 900V 1000V 
Average Rectified Forward Current ................-0000- le(av) 30A 30A 30A 30A 
(To = +121°C) 
Peak Forward Repetitive Current.............0. ce eee eee leRM 60A 60A 60A 60A 
(Square wave 20kHZ) 
Nonrepetitive Peak Surge Current..............0.0 ee eaee FSM 300A 300A 300A 300A 
(Surge applied at rated load condition halfwave 1 phase as 
Maximum Power Dissipation ........... 00. e eee e eee Pp 125W 125W 125W 125W 
Operating and Storage Temperature .................. Tstg, Ty -65°C to +175°C -65°C to +175°C -65°C to +175°C -65°C to +175°C 


Copyright © Harris Corporation 1993 


File Number 2877.2 
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Specifications RURP3070, RURP3080, RURP3090, RURP30100 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 


LIMITS 
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DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300ps,D = 2%). 
ly = Instantaneous reverse current. 
tar = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current at dl-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of py based on a straight line from peak Ipy, through 25% of Ipy (See Figure 2). 
Resc = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 


D = duty cycle. 
V, AMPLITUDE CONTROLS I- +V3 
V2 AMPLITUDE CONTROLS di/dt on 
L, = SELF INDUCTANCE OF Ry 12 t i es ies 
+Lioop t5>0 
+4 Lt. taminy 
| Rg 10 
0 a ‘ oe 
f mit, he 


VAM (REC) “tt 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. DEFINITIONS OF tap, ta AND ty 
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RURP3070, RURP3080, RURP3090, RURP30100 


Typical Performance Curves 


i, FORWARD CURRENT (A) 


0.0 0.5 1.0 1.5 2.0 2.5 
V¢, FORWARD VOLTAGE DROP (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


t, RECOVERY TIMES (ns) 


lp, FORWARD CURRENT (A) 
FIGURE 5. TYPICAL tap, t, AND tg CURVES vs FORWARD 


Ig, REVERSE CURRENT (yA) 


0 200 400 600 800 1000 
Vp, REVERSE VOLTAGE (V) 


FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 
CHARACTERISTIC 


lF(ava)» AVERAGE CURRENT (A) 


ULTRAFAST 
SINGLE DIODES 


Tc, CASE TEMPERATURE (°C) 
FIGURE 6. TYPICAL CURRENT DERATING CURVE vs CASE 


CURRENT TEMPERATURE 
Qy : R + 

Vpo 

<i 1302 

iy l | DUT 
nt 12v 
t+- CURRENT 
. 1302 ‘- SENSE 

Vpp 


12V 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


to ty tg 


FIGURE 8. CURRENT VOLTAGE WAVEFORM 


I_peak = 1A, L = 40mH, R < 0.10, Way, = ("/2) LI7[VayiVavi - Vpo)] 
Q1 AND Q2 ARE 1000V MOSFETs 


SEMICONDUCTOR 


December 1993 


Features 

e Ultrafast with Soft Recovery............ceeseeees <110ns 
e Operating Temperature ........... 0c cee ween e eens +175°C 
e Reverse Voltage Up To ........ 2. cece eee eee ncees 1200V 


e Avalanche Energy Rated 


e Planar Construction 


Applications 
¢ Switching Power Supplies 
e¢ Power Switching Circults 


¢ General Purpose 


Description 


The RURP30120 (49031) is an ultrafast diode with soft recovery 
characteristic (tara < 110ns). It has low forward voltage drop and is 
silicon nitride passivated ion-implanted epitaxial planar construction. 


This device is intended for use as a freewheeling/clamping diode 
and rectifier in a variety of switching power supplies and other 
power switching applications. Its low stored charge and ultrafast 
recovery with soft recovery characteristic minimize ringing and 
electrical noise in many power switching circuits, reducing power 
loss in the switching transistors. 


The RURP30120 is supplied in the two lead, JEDEC TO-220AC 
style plastic package. 


RURP30120 


30A, 1200V Ultrafast Diode 


Package 
JEDEC TO-220AC 
TOP VIEW 

CATHODE — 
(FLANGE) 5, ANODE 
Symbol 

K 

A 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 


Peak Repetitive Reverse Voltage........... ccc cece eee cere cease 
Working Peak Reverse Voltage ........... 20. cece cee cece teens 
DC Blocking VoNages 6.6.0.5 5 ek iae pecans See eeueus Reweeeaed weal 
Average Rectified Forward Current ......... 0... cece cece e eee enee 


(Te = +1 10°C) 


Repetitive Peak Surge Current. ... 62... cece ce cee eee eee eens 


(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current... 0.2.0... cc ce eee eee 


(Halfwave, 1 phase, 60Hz) 


Maximum Power Dissipation .......... 0.0 c cece ence eee eee eee eees 
Avalanche Energy (L = 40MH)....... 0... cece eee eee eee ee eaes 
Operating and Storage Temperature .......... 0. cece eee eee eens 
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RURP3S0120 UNITS 


sms eianauedliasaieast VaRM 1200 Vv 
tien aeen ieee Vin 1200 Vv 
Sot Dies tahoe Saati Va 4200 Vv 
ren ee eee lecay) 30 A 
eae ree: ead 60 A 
Ee eee ae 300 A 
da eeeanneeonence Pp 125 Ww 
ee a Wav 30 mj 
wees e were ree vesaes Tsta@ily -65 to +175 °C 


File Number 3397.1 


Specifications RURP30120 


Electrical epecnications To = +25°C, Unless Otherwise Specified 


. SYMBOL TEST CONDITION 


SC Ce 
SC 
Se 
SS 
LA ne 
SC 
—s 
i 


I; = 30A, dI-/dt = 100A/ps 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300ps, D = 2%). 
lz = Instantaneous reverse current. 
tar = Reverse recovery time(See Figure 2), summation of ta + tg. 
= Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy, to projected zero crossing of Ipy based on a straight line from peak Ipy through 25% of I_y (See Figure 2). 
Rec = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


” 
5a 
V, AMPLITUDE CONTROLS Ir +V3 <9 
V2 AMPLITUDE CONTROLS di/dt oe ra) 
L = SELF INDUCTANCE OF R, 1 ty 7 ico ow 
+4 — Ly. tamny = = 
0 ‘ ° ae 
i ity he 
nS 


VAM (REC) to 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tana WAVEFORMS AND DEFINITIONS 
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RURP30120 


Typical Performance Curves 


- uAMPS 


FORWARD CURRENT (I¢) - AMPS 
REVERSE CURRENT (Ip) 


I ° 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0 200 «Ct; 400 600 800 1000 1200 


FORWARD VOLTABE (Ve) - VOLTS REVERSE VOLTAGE (Vp) - VOLTS 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
VOLTAGE DROP 


ns 
- AMPS 


(Ip ¢RY)) 


TIME (t) - 


AVERAGE FORWARD CURRENT - 


0 75 100 126 150 175 
FORWARD CURRENT CI¢) - AXPS CASE TEMPERATURE - (Tr? - £ 
FIGURE 5. TYPICAL tpn, tg AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT 
Imax = 1A 
L=40mH 
R<0.10 
Wave = 1/2LI? [Vavi(Vavi. - Voo)] 
Q, & Q, ARE 1000V MOSFETs 
L R 
Q, +Q 
Vop 
“ai 1300. | 
f | | DUT 
Qo 
fi 12V 
e CURRENT 
1302 “- SENSE 
Vop 
12V ty ty te —s 
FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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ta FIARRIS 


SEMICONDUCTOR 


RURG3010, RURG3015 
RURG3020 


January 1994 30A, 100V - 200V Ultrafast Diodes 
Features Package 
e Ultrafast with Soft Recovery..............ce00. <45ns JEDEC STYLE 2 LEAD TO-247 
TOP VIEW 
¢ Operating Temperature.............0ceceeees +175°C 
e Reverse Voltage Up To ....... 2... eee eee e eens 200V CATHODE iuobe 
savalanchere Rated (BOTTOM SIDE 
valanche Energy Rate METAL) 
e Planar Construction Lae 
_—_————> CATHODE 

Applications 
¢ Switching Power Supplies 
¢ Power Switching Circults 
¢ General Purpose Symbol 
Description K 
RURG3010, RURG3015 and RURG3020 are ultrafast diodes 
with soft recovery characteristics (tar < 45ns). They have low for- 
ward voltage drop and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 
These devices are intended for use as freewheeling/clamping A = a 
diodes and rectifiers in a variety of switching power supplies and w a 
other power switching applications. Their low stored charge and < ra 
ultrafast recovery with soft recovery characteristic minimizes = Ww 
ringing and electrical noise in many power switching circuits E 
reducing power loss in the switching transistors. 5 = 

7) 


All devices are supplied in the 2 lead JEDEC style TO-247 


package. 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 


Peak Repetitive Reverse Voltage............ Mae 
Working Peak Reverse Voltage ............... 
DC Blocking Voltage. .... 2... 6. . cee eee 
Average Rectified Forward Current ............ 


(To = +145°C) 


Repetitive Peak Surge Current................ 


(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current............. 


(Halfwave, 1 phase, 60Hz) 


Maximum Power Dissipation ................. 
Avalanche Energy (L = 40mH).............-.. 
Operating and Storage Temperature ........... 


Copyright © Harris Corporation 1993 


RURG3010 RURG3015 RURG3020 UNITS 
eter View 100 150 200 Vv 
senate Vesa 100 150 200 V 
iene pie, Saresehe Vr 100 150 200 V 
saigteiiee lea 30 30 30 A 
sagen aes ese 70 70 70 A 
Sere ee leg 325 325 325 A 
Sf iucehate Pp 125 125 125 W 
ec eceenes Wavi 20 20 20 mj 
Siete reverie rs Tstqil J -65 to +175 -65 to +175 -65 to +175 °C 
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5-57 


Specifications RURG3010, RURG3015, RURG3020_- 
Electrical Specifications To = +25°C, Unless Otherwise Specified | 


LIMITS 


RURG3010 RURG3015 . R 


Ip = 30A, To = +150°C 


Va = 100V, To = +25°C 


=200V,To=+25°C | 


b 


eee EET EE EEL LL 
PEE ET EEEEL Ls 
eee EEEEL LEED [a 


ve neu 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300ps, D = 2%). 
lp = Instantaneous reverse current. 
tan = Reverse recovery time (See Figure 2), summation of tg + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ip, based on a straight line from peak Ipy through 25% of Ipy (See Figure 2). 
Resco = Thermal resistance junction to case. 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I 

V2 AMPLITUDE CONTROLS di¢/dt 

Ly=SELFINDUCTANCEOFR, 
+LLoop 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tan WAVEFORMS AND DEFINITIONS 
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RURG3010, RURG3015, RURG3020 


Typical Performance Curves 


a a ae 


FORWARD CURRENT (Ie) - AMPS 
o 


0.3 0.6 0.8 1.2 
FORWARD VOLTAGE (V-) - VOLTS 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


TIME (t) - ns 


10 
FORWARD CURRENT (Ip) - AMPS 


FIGURE 5. TYPICAL tar, tg AND ts CURVES vs FORWARD 
CURRENT 


Q, . R 4¢ 
Vpp 
1300 
DUT 
Q2 
d- CURRENT 
1300 ‘- SENSE 
Vpp 


12V 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


REVERSE CURRENT (Ip) - uANPS 


50 100 150 
REVERSE VOLTAGE (Vp) - VOLTS ances 


FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


AVERAGE FORWARD CURRENT - CIpCAV)) - AMPS 


0 
130 140 150 160 o, !70 180 
CASE TEMPERATURE - (Tc) ~- ~C 


FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 


to ) te ay 


FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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cas HARRIS RURG3040, RURG3050 
SEMICONDUCTOR RURG3060 


January 1994 | 30A, 400V - 600V Ultrafast Diodes 
Features Package 
e Ultrafast with Soft Recovery............seeeee. <55ns JEDEC STYLE 2 LEAD TO-247 
TOP VIEW 
¢ Operating Temperature.............2202ceees +175°C 
¢ Reverse Voltage Up To ......... ciatauecwep uni 600V | caTHODE C= 
(BOTTOM 4 __ > ANODE 


e Avalanche Energy Rated SIDE METAL) 


e Planar Construction 


CATHODE 


Applications 
e Switching Power Supplies 
e¢ Power Switching Circuits 


¢ General Purpose Symbol 

Description — K 

RURG3040, RURG3050 and RURG3060 are ultrafast diodes 

with soft recovery characteristics (tay < 55ns). They have low for- 

ward voltage drop and are silicon nitride passivated ion- 

implanted epitaxial planar construction. 

These devices are intended for use as freewheeling/clamping A 

diodes and rectifiers in a variety of switching power supplies and 

other power switching applications. Their low stored charge and 

ultrafast recovery with soft recovery characteristic minimizes 

ringing and electrical noise in many power switching circuits 

reducing power loss in the switching transistors. 

All devices are supplied in a 2 lead JEDEC style TO-247 

package. 

Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 

RURG3040 RURG3050 RURG3060 UNITS 

Peak Repetitive Reverse Voltage. ........... ccc ee eee eee Var 400 500 600 V 

Working Peak Reverse Voltage ............. ese e eee eees Vawm 400 500 600 V 

DC Blocking Voltage. .......... cc ccc cee cee e cena Vr 400 500 600 V 

Average Rectified Forward Current .............0.e0000- lF(AV) 30 30 30 A 
(To = +145°C) | 

Repetitive Peak Surge Current.......... 0... cece ee eee lesm 70 70 70 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current........ 0... cee e eee lesm 325 325 325 A 
(Halfwave, 1 phase, 60Hz) 

Maximum Power Dissipation ............ 0. eee e eee eee eee Pp 125 125 125 W 

Avalanche Energy (L = 40mH)........... 0. cece eee eee Wavt 20 20 20 mj 

Operating and Storage Temperature ...............06- Tstaly -65to +175 -65 to +175 -65 to +175 °C 
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Specifications RURG3040, RURG3050, RURG3060 


RURG3060 | 
Y UNITS 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


SYMBOL 


| Ve | 


LIMITS 


RURG3040 RURG3050 


=~ 


a 8 


TEST CONDITION 


Ip = 380A, Te = +25°C 
le 30A, To = +150°C 


-| 


io) 


Y 


~ 


(#) 
< 


© 
co) 


awk Fak 
ne) wl on 


[ie 

inn Tro 
re 
—< 
ee 


I; = 30A, dI,-/dt = 100A/uis 


on 
on 


I; = 30A, dip/dt= 100A/us 


| |g = 30A, di,/dt = 100A/is 
DEFINITIONS 


V- = Instantaneous forward voltage (pw = 300us, D = 2%). 
lk = Instantaneous reverse current. 
tan = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of t, + tp. 
ta = Time to reach peak reverse current at dl-/dt = 100A/ys (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of I_y based on a straight line from peak Ipy through 25% of Ipy (See Figure 2). 
Rgjc = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 


Pee EET EEEET ELT 


Nh 
=) 


—_ 
_ 
N 


2 = 
5 


D = duty cycle. 
V, AMPLITUDE CONTROLS If +V3 
V2 AMPLITUDE CONTROLS di/dt ies 
L;=SELFINDUCTANCE OFR, "1 Pa han ase 
+Lioop ts > — 
+V4 By SAMIN) 
| R, 10 
i : 
>_> to i 


FIGURE 1. tag TEST CIRCUIT FIGURE 2. tana WAVEFORMS AND DEFINITIONS 
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ULTRAFAST 
SINGLE DIODES 


RURG3040, RURG3050, RURG3060 
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FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


HARRIS _RURG3070, RURG3080 
semicensveres ~RURG3090, RURG30100 


December 1993 30A, 7O0OV - 1000V Ultrafast Diodes 


Features Package 


e Ultrafast with Soft Recovery.............ceeeeeee <110ns JEDEC STYLE 2 LEAD TO-247 
TOP VIEW 


e Operating Temperature .............002 ee eeeeees +175°C 


¢ Reverse Voltage Up To .........--2-eeeceeeeeeees 1000V corte 


e Avalanche Energy Rated SIDE METAL) 


e Planar Construction 


Applications 
e Switching Power Supplies 
e¢ Power Switching Circuits Symbol 


¢ General Purpose 


Description 


RURG3070, RURG3080, RURG3090 and RURG30100 (TA9904) 
are ultrafast diodes with soft recovery characteristics (tay < 110ns). 
They have low forward voltage drop and are silicon nitride passi- 
vated ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimizes ring- 
ing and electrical noise in many power switching circuits reducing 
power loss in the switching transistors. 


All devices are supplied in a 2 lead JEDEC style TO-247 package. 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
RURG3070 RURG3080 RURG3090 RURG30100 UNITS 


Peak Repetitive Reverse Voltage. .............. cece eee Varo 700 800 900 1000 V 

Working Peak Reverse Voltage ........... ccc cece ee eees Vawa 700 800 900 1000 V 

DC Blocking Voltage. .......... cee ccc cece eee eee Vr 700 800 900 1000 V 

Average Rectified Forward Current ................-006- lF(Av) 30 30 30 30 A 
(To = +117°C) 

Repetitive Peak Surge Current.......... 0... cee e eee eee lesm 60 60 60 60 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current............-...0e 2 eee lEsm 300 300 300 300 A 
(Halfwave, 1 phase, 60Hz) 

Maximum Power Dissipation ........ 0... ccc eee eee eens Pp 125 125 125 125 W 

Avalanche EN@roy iss seia teased ae iit seb sasew aes Wavt 30 30 30 | 30 mj 

Operating and Storage Temperature .................. Tsta ty -65to+175 -65t0+175 -65to+175 -65to+175 °C 
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ULTRAFAST 
SINGLE DIODES 


Specifications RURG3070, RURG3080, RURG3090, RURG30100 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 


Vr = 1000V, To = +150°C 


< 
i | 
(o) (o>) 
8 | I E 
é z/alzlals[s|s|s|<[<[§ 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300ps, D = 2%). 
lp = Instantaneous reverse current. 
tan = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
ts = Time from peak Ipy to projected zero crossing of Ipy based on a straight line from peak Ipy through 25% of Ip. (See Figure 2). 
Rejc = Thermal resistance junction to case. 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS Ir +V5 
V2 AMPLITUDE CONTROLS di/dt aes 
L, = SELF INDUCTANCE OF R, 1 ie ae 
+Lioop to . Mal 
+; ty ‘ tacmIN) 
5 Rg 10 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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RURG3070, RURG3080, RURG3090, RURG30100 


Typical Performance Curves 


FORWARD CURRENT (I¢) - AMPS 
REVERSE CURRENT (Ip) - uAMPS 


0.0 0.6 1.0 1.6 2.0 2.6 
FDRWARD VOLTAGE €Ve) - VOLTS 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
VOLTAGE DROP 


TIME ¢t) - ne 


ULTRAFAST 
SINGLE DIODES 


AVERAGE FORWARD CURRENT - (Ip (AY) - AMPS 


10 
FORWARD CURRENT (Ip) - AMPS 


FIGURE 5. TYPICAL tgp, tg AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT 
Q; L R +0 
Vop 
“a 1302 
f | DUT 
Qe 
nt 12V 
d¢- CURRENT 
1302 ‘- SENSE 
Vpp 
[| “9 
12V to ty to ere ca 
FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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Gp fei ~ RURG30120 


December 1993 | 380A, 1200V Ultrafast Diode 


Features © Package 

e Ultrafast with Soft Recovery.................e00. <110ns JEDEC STYLE 2 LEAD TO-247 
e Operating Temperature ..............c ne eceennes +175°C pon 

e Reverse Voitage Up To ........ cc eee cece cen ern eee 1200V CATHODE 

¢ Avalanche Energy Rated — CORA. | 


e Planar Construction 


Applications 
¢ Switching Power Supplies 
e Power Switching Circuits 


Symbol 


¢ General Purpose 


Description K 


The RURG30120 (49031) is an ultrafast diode with soft recovery 
characteristic (tga < 110ns). It has low forward voltage drop and is 
silicon nitride passivated ion-implanted epitaxial planar construction. 


This device is intended for use as a freewheeling/clamping diode 


es ane A 

and rectifier in a variety of switching power supplies and other 

power switching applications. Its low stored charge and ultrafast 

recovery with soft recovery characteristic minimize ringing and 

electrical noise in many power switching circuits, reducing power 

loss in the switching transistors. 

The RURG30120 is supplied in the 2 lead, JEDEC style TO-247 

plastic package. 

Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 

| RURG30120 UNITS 

Peak Repetitive Reverse Voltage... 2.0... ce ccc cece cece eect eee etree eee eens Vero 1200 V 

Working Peak Reverse: Voltage: + :5 ois hu cin ds: 2s oe 4. 0 Soe Sea we ees ee Ow iw OE ee RS Vawa 1200 V 

DG-BIOCKING VONAGey 465s e ace arta teehee wane es eaters eRe Wa wee a als WER AT aceaes Va 1200 V 

Average Rectified Forward Current ........ 0. ccc ccc ccc eee ee crete eee e eee e eee eeeeeeaees le(avy 30 A 
(To = +110°C) 

Repetitive Peak Surge Currents: 2 sspnek see ee ie en ewe dso ad heen eae ed bee eie se dnee de leso 60 | A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current oo eee kien tebe ieee anes en ree bene eee aWeweaeleees lesm 300 A 
(Halfwave, 1 phase, 60Hz) 

Maximtlim Power DISSIDANON: c:0 60.64 aie Sk whee eg ony er cle Si w.g Sane eee e AN aes eaeeeuers Pp 125 WwW 

Avalanche Energy (L: = 40MM) cvssaccs koa tia ctw ei niahene seve ais nes Seek a keene sass Wavi 30 | mj 

Operating and Storage Temperature ... 0... 0. cece cece ee cee eee e teeta eeees TstaTy -65 to +175 °C 
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Specifications RURG30120 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


SYMBOL 
Vv 


LIMITS 


TEST CONDITION 


aw [nr 
Co 
eaters CO 
[eee taovtenessSSCSC—~iSC 
SS 
a ee ce 

aca 
a ea ae 
| mca 
he —— 


Ip = 30A, di,/dt = 100A/us 


Ie = 30A, dI,/dt= 100A/ps 


I; = 30A, di-/dt = 100A/ps 
DEFINITIONS 


Ve = Instantaneous forward voltage (pw = 300ps, D = 2%). 

lz = Instantaneous reverse current (pw = 300ps, D = 2%). 
tarp = Reverse recovery time (See Figure 2), summation of t, + tg. 

= Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ip, based on a straight line from peak Ipy through 25% of Ipy (See Figure 2). 
Rec = Thermal resistance junction to case. 

pw = pulse width. 

D = duty cycle. 


V, AMPLITUDE CONTROLS I- 


V2 AMPLITUDE CONTROLS di/dt te>5t 
L, = SELF INDUCTANCE OF Ry, 1 ‘ A({MAX) 
2>tar 
+Lioop t>0 


ULTRAFAST 
SINGLE DIODES 


L t 
Ey tain) 


FIGURE 1. tag TEST CIRCUIT FIGURE 2. tan WAVEFORMS AND DEFINITIONS 
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RURG30120 


Typical Performance Curves 


uAMPS 


FORWARD CURRENT (I) - AMPS 


REVERSE CURRENT (Ip) - 


I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 


: . : . ) 400 600 800 
FORWARD VOLTABE (Vp) - VDLTS REVERSE VOLTABE (Vp) - VDLTS 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
VOLTAGE DROP 
150 


Carte 
i oe fel: 


TIME (€t) - ne 
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AVERAGE FORWARD CURRENT - (Ip¢AY3) - AMPS 


; CTT 
0 
10 30 100 125 150 
FORWARD CURRENT (If) - APS CASE TEMPERATURE - (Tp) - °C 
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Imax = 1A 
L=40mH 
R<0.1Q 
Wave = V2? [Vavi(Vave - Vpo) 
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Vop 
7 1302 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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mM HaRRIs AURG5040, RURG5050 
Porta fae 


December 1993 50A, 400V - 600V Ultrafast Diodes 
Features Package 
e Ultrafast with Soft Recovery...............eeeeee: <65ns JEDEC STYLE 2 LEAD TO-247 
TOP VIEW 
e Operating Temperature .............. cee cece eee +175°C 
CATHODE j 
e Reverse Voltage Up To ...... 2... ccc eee eee eens 600V (BOTTOM ; > ANODE 
° Avalanche Energy Rated SIDE ME TAY) 
e Planar Construction Sanne 
Applications 
¢ Switching Power Supplies 
e¢ Power Switching Circuits Symbol 
¢ General Purpose 
K 
Description 
RURG5040, RURG5050 and RURGS5060 (TA9909) are ultrafast 
diodes with soft recovery characteristics (tay < 65ns). They have low 
forward voltage drop and are silicon nitride passivated ion-implanted 
epitaxial planar construction. A 
These devices are intended for use as freewheeling/clamping diodes an +f 
and rectifiers in a variety of switching power supplies and other power 7) a 
switching applications. Their low stored charge and ultrafast recovery re ral 
with soft recovery characteristic minimizes ringing and electrical noise = Ww 
in many power switching circuits reducing power loss in the switching = 5 
transistors. 22a 
All devices are supplied in a 2 lead JEDEC style TO-247 package. 2 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
RURG5040 RURG5050 RURG5060 UNITS 

Peak Repetitive Reverse Voltage ... 1.0... cece eee ee eee eee Verm 400 500 600 V 
Working Peak Reverse Voltage ............. cece eee eee eens Vawa 400 500 600 Vv 
DC BIOCKING VOlNEG6 24.05 oc dSenn dae btwn ese es Sete eae dee Vr 400 500 600 V 
Average Rectified Forward Current ......... 2.0... ce eee eee eee lE(AV) 50 50 50 A 

(Tc = +1 02°C) 
Repetitive Peak Surge Current. ... 20... 0... cece cece eee cence lesm 100 100 100 A 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current ......... cece cee eee eee lesm 500 500 500 A 

(Halfwave, 1 phase, 60Hz) 
Maximum Power Dissipation ........... ccc cece cece eee e eee eeee Pp 150 150 150 W 
AVAIANCNC ENGIOYVs «ii vecw sexe pane ese ee ees eXea wee eae aad ae Wavi 40 40 40 mj 
Operating and Storage Temperature ........... 0.0 c eee eee Tstasty -65 to +175 -65 to +175 -65 to +175 °C 

Copyright © Harris Corporation 1993 File Number 3211.4 
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Specifications RURG5040, RURG5050, RURG5060 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


. LIMITS | 
RURG5040 RURG5050 RURG5060 | 
SYMBOL | UNITS 


TYP 
[pasta Ten 250 
[p= sOn Ten oO 


TEST CONDITION 


aN 
a 


Vp = 500V, Te = +25°C 
Vp = 600V Te = +25°C 


Va = 400V, To = 150°C 
Vp = 500V, Te = 150°C 
Vr = 6OOV, To = 150°C 


I; = 1A, dI,/dt = 100A/us 
I = 50A, di-/dt = 100A/us 


I; = 50A, dif/dt= 100A/ps | 
Iz = 50A, di-/dt = 100A/us 
DEFINITIONS 


V- = Instantaneous forward voltage (pw = 300us, D = 2%). 
ly = Instantaneous reverse current. 
tar = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of t, + ta. 
ta = Time to reach peak reverse current at dl¢/dt = 100A/us (See Figure 2). 
ts = Time from peak Ipy to projected zero crossing of lpy based on a straight line from peak Ipy through 25% of Ipy, (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Wav = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


oa - 
~s 
oi 


Vy AMPLITUDE CONTROLS Ir 
V2 AMPLITUDE CONTROLS di/dt 


Ly =SELFINDUCTANCE OFR, = 1 ty > Stamax) 
+Lioop 
+V4 I tacMIN) 
0 ; i ai 
tity be 
ot 


FIGURE 1. tag TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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RURG5040, RURG5050, RURG5060 


Typical Performance Curves 
1000 


100 


— 


FORWARD CURRENT <I) 
REVERSE CURRENT (Ip) - uAMPS 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
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FIGURE 5. TYPICAL trp, ta AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES ld 
CURRENT 
IMAX =1A 
L =40mH 
R<0.102 
Wavt = 1/2LF? [Vavi/(Vave - Vp)! 
Q,; & Q. ARE 1000V MOSFETs 
L R 
Q, +0 
Vpp 
“< 1302 
f aT DUT 
nt 12v 
. | ct CURRENT 
1300 - SENSE 
Vpp 
! “¢ | 
FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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- RURG5070, RURG5080 
HARRIS IU1U;, 
GO EYMTS ~RURGS5090, RURG50100 


December 1993 50A, 700V - 1000V Ultrafast Diodes 
Features Package 
e Ultrafast with Soft Recovery................ee00- <125ns JEDEC STYLE 2 LEAD TO-247 
. TOP VIEW 
¢ Operating Temperature ..............0. cece eeeee +175°C 
¢ Reverse Voltage Up To ........ Guiness stave one aes 1000V CATHODE mane 
¢ Avalanche Energy Rated cece METAL) 
e Planar Construction La 
[, CATHODE 
Applications 3 


e Switching Power Supplies 
¢ Power Switching Circuits 
¢ General Purpose Symbol 


Description 


RURG5070, RURG5080, RURG5090 and RURG50100 are 
ultrafast diodes with soft recovery characteristics (tay < 125ns). 
They have low forward voltage drop and are silicon nitride passi- 
vated ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping A 
diodes and rectifiers in a variety of switching power supplies and 

other power switching applications. Their low stored charge and 

ultrafast recovery with soft recovery characteristic minimizes 

ringing and electrical noise in many power switching circuits 

reducing power loss in the switching transistors. 


All devices are supplied in the 2 lead JEDEC style TO-247 plastic 
package. 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
RURG5070 RURG5080 RURGS5090 RURG50100 UNITS 


Peak Repetitive Reverse Voltage. ...................... Vanm 700 800 900 1000 V 

Working Peak Reverse Voltage ........... 0.0 c cece eee Vawe 700 800 900 1000 Vv 

DC Blocking Voltage. ........... ccc ccc cece eee eee Vp 700 800 900 1000 V 

Average Rectified Forward Current ...........-.-.00000: lev) 50 50 50 50 A 
(To = +85°C) 

Repetitive Peak Surge Current........... 0... 0. eee eee lesm 100 100 100 100 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current........... 20. cece enee lesm 500 500 500 500 A 
(Halfwave, 1 phase, 60Hz) 

Maximum Power Dissipation ......... 00... ec cece ee ee eee Pp 150 150 150 150 W 

Avalanche Energy ......... 2... cece cece cece eee e eens Wavi 40 40 40 40 mj 

Operating and Storage Temperature ...............06. Tsta.Ty -65to+175 -65t0+175 -65to+175 -65to +175 °C 
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Specifications RURG5070, RURG5080, RURG5090, RURG50100 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


RURG5070 
SYMBOL TEST CONDITION 


co 
Te [ee =e 
ve Yi a 
ea 

<z 

EZ 

<s 

v= 700V. Tom nero | 

a= o00v, Tomer | 

ae 
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ae: ex 
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aa 


DEF (es 
= Instantaneous forward voltage (pw = 300ps, D = 2%). 
a Instantaneous reverse current. 
tan = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current at di-/dt = 100A/p1s (See Figure 2). 
g = Time from peak Ipy to projected zero crossing of Ipy based on a straight line from peak Ipy through 25% of Ix, (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 
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V, AMPLITUDE CONTROLS Ir 
V2 AMPLITUDE CONTROLS di/dt 


L;=SELFINDUCTANCE OFR, = ty > Sta(max) 
+Loo t2> tar 
‘ ts >0 
Ly — taqminy 


< 


Rg 10 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tan WAVEFORMS AND DEFINITIONS 


5-73 


ULTRAFAST 
SINGLE DIODES 


RURG5070, RURG5080, RURG5090, RURG50100 


Typical Performance Curves 


FORWARD CURRENT (Ie) - AMPS 
REVERSE CURRENT (Ip) - uAMPS 


| 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 


400 600 
FORWARD VOLTAGE (V-) - VOLTS REVERSE VDLTABE (Vp) - VOLTS 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
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FIGURE 5. TYPICAL tan, ta AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT 
IMAX =1A 
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R<0.12 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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UE er tetas RURG75120 


December 1993 75A, 1200V Ultrafast Diode 


Features Package 


¢ Ultrafast with Soft Recovery................ <125ns JEDEC STYLE 2 LEAD TO-247 
TOP VIEW 


¢ Operating Temperature .............-..006. +175°C 


e Reverse Voltage... 1... cece nce cece wees 1200V CATHODE 
(BOTTOM 


> ANODE 
e Avalanche Energy Rated SIDE METAL) 


¢ Planar Construction 


——_._...____.___ » CATHODE 


Applications 

¢ Switching Power Supplies 

¢ Power Switching Circuits 

¢ General Purpose Symbol 


Description 


The RURG75120 (TA49032) is an ultrafast diode with soft 
recovery characteristics (tar < 125ns). It has low forward 
voltage drop and is silicon nitride passivated ion-implanted 
epitaxial planar construction. A 


This device is intended for use as a freewheeling/clamping 
diode and rectifier in a variety of switching power supplies 
and other power switching applications. Its low stored charge 
and ultrafast recovery with soft recovery characteristic mini- 
mize ringing and electrical noise in many power switching 
circuits reducing power loss in the switching transistors. 


The RURG75120 is supplied in the 2 lead, JEDEC style TO- 
247 package. 


ULTRAFAST 
SINGLE DIODES 


Due to space limitations, the brand on this part is abbrevi- 
ated to URG75120. 


To order this part use the full part number, i.e. RURG75120. 


Absolute Maximum Ratings (T,. = +25°C) 


RURG75120 UNITS 
Peak Repetitive Reverse Voltage. . 0.0... cc ccc cc ccc ect c cece cence cent ee eceaes VaARM 1200 V 
Working Peak Reverse Voltage... 0.3 csc eek bee en eeewe ibe i eee a nde tae ween eed VRWM 1200 V 
DG Blocking: VOMRAG Oss 6c8sc a0 Woe wiv hw pareve grad alee iss koalas eae Mishoo Meares widens ag. Sad Vr 1200 Vv 
Average Rectified Forward Current .... 0.0... ccc cece ce ccc cece cnt e eects ee nsenees lE(aV) 75 A 
(To = +54.75°C) 
Repetitive Peak Surge Currents: c+ oii es ceasiew hs dos tae EE URNS CIMA eek SECU e eee wes lESM 150 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current... . 0. cc ccc cece ccc eee ee eee eee eet e eee eee lESM 500 A 
(Halfwave, 1 Phase, 60Hz) 
Maximum: POWe6r DISSIPAtON sai6 oscars acre dea sehen Bale Sean BOR ae NS th.wia gra la wAlD Wet grew Oye Pp 190 Ww 
Avalancne Energy (b= 40M) od oes awe oleh ayes eh Ge eae exe ueue aS Sa dear eee WavL 50 mj 
Operating and Storage Temperature ... 00... ccc cece cette cece eee nee nee Tstqly  -65 to +175 °C 


> 
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Specifications RURG75120 


Electrical Specifications = 1, = +25°C, Unless Otherwise Specified 


TEST CONDITION 


Vp = 1200V To = +150°C 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300s, D = 2%). 
Ig = Instantaneous reverse current. 
tan = Reverse recovery time (See Figure 2), summation of t, + tp. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of I_y based on a straight line from peak Ipy through 25% of Ipy, (See Figure 2). 
Rec = Thermal resistance junction to case. 
Wav = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 


D = duty cycle. 
V, AMPLITUDE CONTROLS Ir +V3 
V2 AMPLITUDE CONTROLS di/dt R te>st 
L, = SELF INDUCTANCE OF Ry, 1 . ae A(MAX) 
+ Lioop to 7 . 
+V4 Ly. taquin) 
| 10 
0 | . | Rg 
fs 
a ~< its 


FIGURE 1. tag TEST CIRCUIT | FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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RURG75120 


Typical Performance Curves 


FORWARD CURRENT (Ip) - AMPS 


= aa 
en Ue ee 


a 75 4 an ee ee a 
A 
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| 
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FORWARD VOLTAGE (V-) - VOLTS yr4a0des 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 
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FDRWARD CURRENT CI) - AMPS 


REVERSE CURRENT (Ip) - uAMPS 
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REVERSE VOLTAGE (Vp) - VOLTS 1R49032 


FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


- AMPS 


AVERAGE FORWARD CURRENT - (Ip ¢AV)) 


ULTRAFAST 
SINGLE DIODES 


75 100 25 
CASE TEMPERATURE - (Tp) - C 


ie 10400026 
FIGURE 5. TYPICAL typ, t, AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT 
IMAX = 1A 
L=40mH 
R<0.10 
Wavi = V2LP [VaviAVave - Voo)] 
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1 
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4 > 1300 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


to ty ta ve 


FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 
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HARRIS AURG8040, RURG8050 
SEMICONDUCTOR RURG8060 


December 1993 80A, 400V - 600V Ultrafast Diodes 
Features Package 
e Ultrafast with Soft Recovery. ..........eceeeecenes <75ns JEDEC STYLE 2 LEAD TO-247 
TOP VIEW 
¢ Operating Temperature .............0.e eee eeeee +175°C 
e Reverse Voltage Up To .......... cece wee e cece eee 600V CATHODE 
eCTIOM ———————> ANODE 

¢ Avalanche Energy Rated SIDE METAL) 

Ly 


e Planar Construction 


__ CATHODE 


Applications 
e Switching Power Supplies 
e Power Switching Circuits 


¢ General Purpose Symbol 
Description : 
RURG8040, RURG8050 and RURG8060 (TA9886) are ultrafast 

diodes with soft recovery characteristics (tan < 75ns). They have 

low forward voltage drop and are silicon nitride passivated ion- 

implanted epitaxial planar construction. 

These devices are intended for use as freewheeling/clamping A 


diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimize ringing 
and electrical noise in many power switching circuits reducing 
power loss in the switching transistors. 


All devices are supplied in a 2 lead JEDEC style TO-247 plastic 
package. 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
RURG8040 RURG8050 RURG8060 =—-UNITS 


Peak Repetitive Reverse Voltage .......... cece cee eee eens Varnm 400 500 600 V 

Working Peak Reverse Voltage ........... cc cece ee eee eee Vawe 400 500 600 V 

DG BIOCKING VOllAdO ss 6 casi enka cunke ae ees e PROT en Eee eae Vr 400 500 600 V 

Average Rectified Forward Current ........... ccc cece cece eens levavy 80 80 80 A 
(To = +72°C) 

Repetitive Peak Surge Current. ... 0.2... cece eee eee eee ees leEsM 160 160 160 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current ......... 0.0 cece cece eee eee lesm 800 800 800 A 
(Halfwave, 1 phase, 60Hz) 

Maximum Power Dissipation ........ 0... eee e ee eee ee eee eee Pp 180 180 180 W 

Avalanche Energy (L = 40MH) ....... 0... cee ce eee ee eee ee eee Wav 50 50 50 mj 

Operating and Storage Temperature ............. cece ee ee eee Tstq.ty  -65 to +175 -65 to +175 -65 to +175 °C 

Copyright © Harris Corporation 1993 File Number 3388.1 
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Specifications RURG8040, RURG8050, RURG8060 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITION 


Ve 


LIMITS 


RURG8050 RURGS8060 | 
UNITS 


RURG8040 


~4 
<< 
Uv 


~ 
io 


_ 
‘ I 


ae eer 


Pe [c= aa tcomne | | a 
6 [ie 00, = ome | 

Eeeeonecal 
DEFINITIONS 


Ve = Instantaneous forward voltage (pw = 300s, D = 2%). 
lz = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of I_y based on a straight line from peak lay through 25% of Ipy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Wav = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


A 
4) 


> 
© 


ULTRAFAST 
SINGLE DIODES 


V, AMPLITUDE CONTROLS If 


Vp AMPLITUDE CONTROLS di/dt R te>st 
L, = SELF INDUCTANCE OF Rg 1 1 = ¥°A(MAX) 
ta>Itrar 
+Lioop hae 
3 > 


L; t 
Aas < A(MIN) 


FIGURE 1. tag TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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RURG8040, RURG8050, RURG8060 ~ 


Typical Performance Curves 


400 ee) ASAT GRACES RAEI RNS sea 


FORWARD CURRENT (Ip) - AMPS 
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FIGURE 3. TYPICAL FORWARD CURRENT vs. FORWARD 
VOLTAGE DROP 
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FIGURE 5. TYPICAL tap, t, AND tg CURVES vs. FORWARD 
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Qy & G2 ARE 1000V MOSFETs ,, L R 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 4. TYPICAL REVERSE CURRENT vs. VOLTAGE 
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FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
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FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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HARRIS _RURG8070, RURG8080 
sewieewsvere® ~ RURGB090, RURG80100 


December 1993 80A, 700V - 1000V Ultrafast Diodes 
Features Package 
e Ultrafast with Soft Recovery. .............cceeee- <125ns JEDEC STYLE 2 LEAD TO-247 
¢ Operating Temperature ............. ccc eeenccnes +175°C oe 
e Reverse Voltage Up To ...... ccc e een e ween cceee 1000V 
e Avalanche Energy Rated (orTOM. 
SIDE METAL) 


e Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Symbol 
Description 


RURG8070, RURG8080, RURG8090 and RURG80100 are ultrafast K 
diodes with soft recovery characteristics (tag < 125ns). They have low 

forward voltage drop and are silicon nitride passivated ion-implanted 

epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping diodes 
and rectifiers in a variety of switching power supplies and other power 
switching applications. Their low stored charge and ultrafast recovery 
with soft recovery characteristic minimizes ringing and electrical noise 
in many power switching circuits reducing power loss in the switching 
transistors. 


All devices are supplied in the 2 lead JEDEC style TO-247 plastic pack- 
age. 


ULTRAFAST 
SINGLE DIODES 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
RURG8070 RURG8080 RURG8090 RURG80100 UNITS 


Peak Repetitive Reverse Voltage. .............. 0. eee eee Vara 700 800 900 1000 V 

Working Peak Reverse Voltage ............ eee eee eee Vawe 700 800 900 1000 Vv 

DC Blocking Voltage... 0... cece eee cee eee eee Vr 700 800 900 1000 V 

Average Rectified Forward Current ...............-.008. lF(AV) 80 80 80 80 A 
(To = +53°C) 

Repetitive Peak Surge Current.......... 0... cee eee eee lem 160 160 160 160 A 
(Square Wave, 20kKHz) 

Nonrepetitive Peak Surge Current.............. eee eee lesm 500 500 500 500 A 
(Halfwave, 1 phase, 60Hz) 

Maximum Power Dissipation ........ 0... ccc ec eee eee eee Pp 180 180 180 180 Ww 

Avalanche Energy (L = 40mH)............ 002 eee eee eee Wavt 50 50 50 50 mj 

Operating and Storage Temperature ...............-.. Tstaily -65to+175 -65to+175 -65to+175 -65to +175 °C 
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_ Specifications RURG8070, RURG8080, RURG8090, RURG80100 — 


Electrical Specifications To = 425°C, Unless Otherwise Specified 


| | LIMITS 
er RURG8080 - RURG8090 RURG80100 
SYMBOL| TEST CONDITION 


Pn 
| Ve [i= za 
| ve |e es 

ze 

ee 

ae 

ed 

Va=700V,To= +187 || 
Va=800V, To=+t80°¢ [- 
- = 
ze 
= 
za 

pe [le ra 
| te [k= za 
| Peso a 


—_ 
co 


— 
N 


st 


grins 
= Instantaneous forward voltage (pw = 300s, D = 2%). 
Hie instantaneous reverse current. 
tan = Reverse recovery time (See Figure 2), summation of ty + tg. 
a Time to reach peak reverse current (See Figure 2). 
= Time from peak Ipy to projected zero crossing of Igy, based on a straight line from peak lay through 25% of Ipy (See Figure 2). 
nh Jc = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 
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FIGURE 1. tan TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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RURG8070, RURG8080, RURG8&090, RURG8&0100 


Typical Performance Curves 
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Harris RURU5040, RURU5050 
SEMICONDUCTOR RURU5060 


December 1993 50A, 400V - 600V Ultrafast Diodes 
Features Package 
¢ Ultrafast with Soft Recovery...........ceceeeseces <65ns JEDEC STYLE SINGLE LEAD TO-218 
¢ Operating Temperature............ccccccncccecs +175°C sleet 
e Reverse Voltage Up To .........cc cece ence ecnnees 600V FLANGE) 
¢ Avalanche Energy Rated Es 
e Planar Construction 
Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits Symbol 


e General Purpose 


Description 


RURU5040, RURU5050 and RURU5060 (TA9909) are ultrafast 
diodes with soft recovery characteristics (tag < 65ns). They have 
low forward voltage drop and are silicon nitride passivated ion- 
implanted epitaxial planar construction. A 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimizes ring- 
ing and electrical noise in many power switching circuits reducing 
power loss in the switching transistors. 


All devices are supplied in the single lead JEDEC style TO-218 
package. : 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 


RURU5040 RURU5050 RURUS5060 UNITS 
Peak Repetitive Reverse Voltage ..............0. cece cece e ees Varmu 400 500 600 V 
Working Peak Reverse Voltage ........... cece cee cee eens Vawm 400 500 600 V 
DC Blocking Voltage ..2 5066s osteaaexs ny Oinseeewas Valine ba ete Vr 400 500 600 V 
Average Rectified Forward Current .............. 0c cece eens levav) 50 50 50 A 
(To = +102°C) 
Repetitive Peak Surge Current.... 0.0... ccc cece eee eee ee lesu 100 100 100 A 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current ......... 0. cece cee e eens lesm 500 500 500 A 
(Halfwave, 1 phase, 60Hz) 
Maximum Power Dissipation ............ cece cece e cece ee ee eens Pp 150 150 150 WwW 
Avalanche Energyeiss oss: oo see toes eit ta ie sews eae Wavi 40 40 40 mj 
Operating and Storage Temperature ........... ccc cece ee eens Tste,sTy -65 to +175 -65 to +175 -65 to +175 °C 


Copyright © Harris Corporation 1993 . File Number 2940.1 
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Specifications RURU5040, RURU5050, RURU5060 


Electrical Specifications Case Temperature (T,) = +25°C, Unless Otherwise Specified 


SYMBOL 
I; = 50A, d-/dt= 100A/us 


| tg | Ie = 50A, dig/dt = 100A/ps 


Se 
DEFINITIONS 
V- = Instantaneous forward voltage (pw = 300ys, D = 2%). 
lg = Instantaneous reverse current. 
tar = Reverse recovery time at di-/dt = 100A/is (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current at die/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipy based on a straight line from peak Ipy through 25% of I_py (See Figure 2). 
Rojo = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


LIMITS 


RURU5040 RURU5050 RURUS5060 


TEST CONDITION 
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FIGURE 1. tan TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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RURU5040, RURU5050, RURU5060 
Typical Performance Curves 
1000 
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@ HaRRIs _RURUS070, RURU5080 
sewicewevere®  FURU5090, RURUS50100 


December 1993 50A, 7OOV - 1 OOOV Ultrafast Diodes 
Features | Package 
¢ Ultrafast with Soft Recovery. ............0eeeeee- <125ns JEDEC STYLE SINGLE LEAD TO-218 
¢ Operating Temperature ...........c cece ence cecee +175°C Leer 
e Reverse Voltage Up To ............-. rn re ere 1000V 
e Avalanche Energy Rated (ANGE: 
e Planar Construction ANODE 
Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 
e General Purpose 
Symbol 


Description 


RURU5070, RURU5080, RURUS5090 and RURU50100 (TA9910) 
are ultrafast diodes with soft recovery characteristics (tara < 125ns). 
They have low forward voltage drop and are silicon nitride passi- 
vated ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 

diodes and rectifiers in a variety of switching power supplies and 

other power switching applications. Their low stored charge and A 
ultrafast recovery with soft recovery characteristic minimize ringing 

and electrical noise in many power switching circuits reducing 

power loss in the switching transistors. 


ULTRAFAST 
SINGLE DIODES 


All devices are supplied in the single lead JEDEC style TO-218 
plastic package. 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
RURU5070 RURU5080 RURU5090 RURU50100 UNITS 


Peak Repetitive Reverse Voltage. ............ 6. cece eee VaRM 700 800 900 1000 V 

Working Peak Reverse Voltage ........... 2. cece ween eee VawM 700 800 900 1000 Vv 

DC Blocking Voltage. ....... ccc cece ete ee eee ees Ve_ 700 800 900 1000 V 

Average Rectified Forward Current .................0005 lE(avy 50 50 50 50 A 
(To = +88.6°C) 

Repetitive Peak Surge Current. .......... 0... cece eee lesm 100 100 100 100 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current............... eee eens leEsm 500 500 500 500 A 
(Halfwave, 1 phase, 60Hz) 

Maximum Power Dissipation ........... 0... cee eee eee eee Pp 150 150 150 150 W 

Avalanche Energy (L = 40MH)........... cee eee e eee ee Wavi 40 40 40 40 mij 

Operating and Storage Temperature ...............4.. Tsta ly -65to+175 -65to+175 -65to+175 -65to+175 °C 

Copyright © Harris Corporation 1993 File Number 3376.1 
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Specifications RURU5070, RURU5080, RURU5090, RURUS50100 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 
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DEFINITIONS 
V- = Instantaneous forward voltage (pw = 300s, D = 2%). 
ln = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). . 
tg = Time from peak !py to projected zero crossing of I_y based on a straight line from peak Ipy through 25% of Ipy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Wavi = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, +V3 

V2 AMPLITUDE CONTROLS di/dt R te>st 
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FIGURE 1. tag TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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RURU5070, RURU5080, RURU5090, RURU50100 


Typical Performance Curves 
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warns j= RURU75120 


December 1993 | 75A, 1200V Ultrafast Diode 


Features | Package 


e Ultrafast with Soft Recovery................ <125ns JEDEC STYLE SINGLE LEAD TO-218 
TOP VIEW 


¢ Operating Temperature......... Sicestees wee eo $175°*$ 


e Reverse Voltage........ nibiemaeniere wna se duce tev CATHODE 
(FLANGE) 
e Avalanche Energy Rated 


ANODE 
e¢ Planar Construction 


Applications 

¢ Switching Power Supplies 

e Power Switching Circuits 

¢ General Purpose Symbol 


Description 


The RURU75120 (TA49032) is an ultrafast diode with soft 
recovery characteristics (tan < 125ns). It has low forward 
voltage drop and is silicon nitride passivated ion-implanted 
epitaxial planar construction. A 


This device is intended for use as a freewheeling/clamping 
diode and rectifier in a variety of switching power supplies 
and other power switching applications. Its low stored charge 
and ultrafast recovery with soft recovery characteristic mini- 
mize ringing and electrical noise in many power switching 
circuits reducing power loss in the switching transistors. 


The RURU75120 is supplied in the single lead, JEDEC style 
TO-218 package. 


Due to space limitations, the brand on this part is abbrevi- 
ated to URU75120. 


To order this part use the full part number, i.e. RURU75120. 


Absolute Maximum Ratings = (T, = +25°C) 


RURU75120 UNITS 
Peak Repetitive Reverse Voltage... 1... ccc ccc cc ee reece rene eee sense ees venves Varo 1200 V 
Working Peak Reverse Voltage 2.2... ccc ccc cc cee cee cece eee ee eee e ene e eee e ee eeeees Vawa 1200 Vv 
DC Blocking Voltage............... er ee ee ee ee eee eee ee eee a a rere ree Vr 1200 Vv 
Average Rectified Forward Current 20... 0... ccc ccc cnc ccc ne ee cee e een e eee eeenes lev) 75 A 
(To = +56.75°C) 
Repetitive Peak Surge Current... 0... ccc ccc cee weer cette eee eee eee een eeseeeeees lesm 150 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current... 0... ccc cc cee eee ee cee eee eee en ee en eres leEsm 500 A 
(Halfwave, 1 Phase, 60Hz) . 
Maximum Fower DIisslpalion 43.6 ais'504.s sui awas Rariwh GaN os os SE CRG eee a ekews cain go% Pp 190 Ww 
Avalanche Energy (Lom AQMP) 6 aicesiss cee ae de ie Oe be SSW BONE SWAN BERNA eas Wavi 50 mj 
Operating and Storage Temperature ....... 0... cece cece eect eee ence etn eeneeeeeeee Tstg,Ty  -65to +175 °C 


> 
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Specifications RURU75120 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


TEST 
CONDITION 


Vp = 1200V 


Vp = 1200V To = +150°C 
Iz = 1A, dip/dt = 100A/ps 
I; = 75A, di/dt = 100A/ps 


Iz = 75A, dip/dt = 100A/ps 


7 ae 


DEFINITIONS 
V_ = Instantaneous forward voltage (pw = 300pus, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time summation of t, + tg. 
= Time to reach peak reverse current (See Figure 2). 
= Time from peak Ipy to projected zero crossing of |py based on a straight line from peak Ipy through 25% of Ipy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


ULTRAFAST 
SINGLE DIODES 


V, AMPLITUDE CONTROLS Ir +V3 

V2 AMPLITUDE CONTROLS di/dt 56 

L, = SELF INDUCTANCE OF R, 1 . ae A(MAX) 
+ Lioop ts ion 


L t 
Ly. tain 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tana WAVEFORMS AND DEFINITIONS 
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RURU75120 


Typical Performance Curves 


FORWARD CURRENT ¢Ie) - AMPS 
REVERSE CURRENT (Ip) - uAMPS 
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cae HARRIS RURUS804O, RURU8050 
SEMICONDUCTOR RURU8060 


December 1993 80A, 400V - 600V Ultrafast Diodes 
Features Package 
e Ultrafast with Soft Recovery.............cceeeeees <75ns JEDEC STYLE SINGLE LEAD TO-218 
¢ Operating Temperature ............ 0. cece eee eees +175°C vee 
e Reverse Voltage Up To .......... ewww ewe ween ncnes 600V seuss 


e Avalanche Energy Rated (FLANGE) 


e Planar Construction 


Applications 
¢ Switching Power Supplies 


¢ Power Switching Circuits 


e General Purpose Symbol 


Description 


RURU8040, RURU8050 and RURU8060 (TA9886) are ultrafast 
diodes with soft recovery characteristics (tag < 75ns). They have 
low forward voltage drop and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 

diodes and rectifiers in a variety of switching power supplies and A 
other power switching applications. Their low stored charge and 

ultrafast recovery with soft recovery characteristic minimizes ring- 

ing and electrical noise in many power switching circuits reducing 

power loss in the switching transistors. 


All devices are supplied in the single lead JEDEC style TO-218 
package. 


ULTRAFAST 
SINGLE DIODES 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 


RURU8040 RURU8050 RURU8060 UNITS 
Peak Repetitive Reverse Voltage ............ 0000 cece Varo 400 500 600 V 
Working Peak Reverse Voltage .............. eee e cece eee eee Vawm 400 500 600 V 
DC Blocking VollagG:. 223. tes cs saye iw lena GaN cgi ce aes oe eeeee ss Vr 400 500 600 V 
Average Rectified Forward Current .............. 0c cece eee eees lF(av) 80 80 80 A 
(Tc = +84°C) 
Repetitive Peak Surge Current.......... 0... cece cece ee ee eee leEsm 160 160 160 A 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current ........ 0... ce eee eee eens lesm 800 800 800 A 
(Halfwave, 1 phase, 60Hz) 
Maximum Power Dissipation ......... 0... cc cee cece eee ee eee Pp 180 180 180 Ww 
Avalanche Energy (L = 40MH) .... 2.0... eee ee eee eee eee eee Wavi 50 50 50 mj 
Operating and Storage Temperature ............. 0. eee eee Tstg,ty  -65to +175 -65 to +175 -65 to +175 °C 
Copyright © Harris Corporation 1993. File Number 3380.1 
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Specifications RURU8040, RURU8050, RURU8060 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 
: RURU8040 i RURU8050 : RURU8060 | | 
TYP TYP TYP UNITS 


Vr = 400V, Te = +25°C 
Vr = 500V, To = +25°C i 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
I, = Instantaneous reverse current . 
tar = Reverse recovery time (See Figure 2), summation of ts + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
ts = Time from peak Ipy to projected zero crossing of Ip based on a straight line from peak lay through 25% of lay (See Figure 2). 
Reic = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS Ir +V3 
V2 AMPLITUDE CONTROLS di/dt ese 
Ly=SELFINDUCTANCE OFR, "1 Pe ea aaa 
- LLoop ts > o 
oe ae 2 ui < “aim 
0 ‘ : aa o 
{ Belts te 
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FIGURE 1. tap TEST CIRCUIT FIGURE 2. tan WAVEFORMS AND DEFINITIONS 
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RURU8040, RURU8050, RURU8060 


Typical Performance Curves 
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FORWARO CURRENT (Ip) - AMPS 
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HARRIS 


SEMICONDUCTOR 


December 1993 
Features 
e Ultrafast with Soft Recovery............ccccenees <125ns 
e Operating Temperature...............6.. eee +175°C 
e Reverse Voltage Up To ...... SE er ee -- -1000V 


¢ Avalanche Energy Rated 


e Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose 


RURU8070, RURU8080 
RURU8090, RURU80100 


80A, 700V - 1000V Ultrafast Diodes 


Package 


JEDEC STYLE SINGLE LEAD TO-218 
TOP VIEW 


CATHODE 
(FLANGE) 


Pee! 


ANODE 


ogee Symbol 
Description 
RURU8070, RURU8080, RURU8090 and RURU80100 (TA9887) K 
are ultrafast diodes with soft recovery characteristics (tar < 125ns). 
They have low forward voltage drop and are silicon nitride passi- 
vated ion-implanted epitaxial planar construction. 
These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and ‘ 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimize ringing 
and electrical noise in many power switching circuits reducing 
power loss in the switching transistors. 
All devices are supplied in the single lead JEDEC style TO-218 
plastic package. 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
RURU8070 RURU8080 RURUS8090 RURUS80100 UNITS 
Peak Repetitive Reverse Voltage. ............ cee cee eee Var 700 800 900 1000 V 
Working Peak Reverse Voltage .......... 0... eee eee Vawe 700 800 900 1000 V 
DC Blocking Voltage: oneness Osa scd see vedo wees beteieaas Vr 700 800 900 1000 V 
Average Rectified Forward Current ..............00 cece lE(Av) 80 80 80 80 A 
(To = +59°C) 
Repetitive Peak Surge Current. ......... 0... eee e eee ee leSu 160 160 160 160 A 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current............-.0e eee eeee lesm 500 500 500 500 A 
(Halfwave, 1 phase, 60Hz) 
Maximum Power Dissipation ........... 00. c eee ee ee eens Pp 180 180 180 180 WwW 
Avalanche Energy (L = 40MH).......... 0. cece eee eee Wavi 50 50 50 50 mj 
Operating and Storage Temperature .................- Tsta:ly -65to+175 -65to+175 -65to+175 -65to+175 °C 
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Specifications RURU8070, RURU8080, RURU8090, RURU80100 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 
[—nunveore | nunveoso | nunvecso [| munveor00 | 
sywpou| tesrconorrion | wn [Tv [wax] wn [Typ [wax] win [Tv [wax wn [TP [wax | unrrs 


eR A A ST 
ia ae ee a ee 


¥ Va = 700V, To = 150°C 


Va = 800V, To = 150°C 


ime eae 
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aa ie 
Pee Be 
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PPP PP EL 


Vp_ = 1000V, To = 150°C 
Ir = 1A, dI-/dt = 100A/ps 
I; = 80A, dI,-/dt = 100A/us 
Ip = 80A, dif/dt= 100A/us 
| ty | Ip = 80A, dI/dt = 100A/us 
i 
DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300pus, D = 2%). 
Ip = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected Zero crossing of |p,, based on a straight line from peak Ipy through 25% of I_y (See Figure 2). 
Regc = Thermal resistance junction to case. 
Wavi = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 
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V, AMPLITUDE CONTROLS Ir 
V2 AMPLITUDE CONTROLS di/dt 
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FIGURE 1. tag TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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SINGLE DIODES 


RURU8070, RURU8080, RURU8090, RURU80100 — 


Typical Performance Curves 


uAMPS 


FORWARO CURRENT (Ie) - AMPS 
REVERSE CURRENT (Ip) - 


| 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 


FORWARD VOLTAGE (Ve) - VDLTS REVERSE VOLTAGE (V¥q) - VOLTS 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
VOLTAGE DROP 


TIME (t) - ne 


AVERAGE FORWARD CURRENT - CIp¢<AV)) - AMPS 


25 50 75 100 125 is 150 175 
FDRWARD CURRENT (¢ If) - RAMPS CASE TEMPERATURE - (Tp) - CE 
FIGURE 5. TYPICAL tap , tg AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT 
IMAX =1A 
L=40mH 
R<0.10 
Wave = 1/2LF [VaviAVavi - Ypo)] 
Q, & Q, ARE 1000V MOSFETs a, L R 4d 
Vop 
“4 | 130Q 
y 1 DUT 
Q2 
nt 12V 
tt CURRENT 
1302 ‘T" SENSE 
Vpp 
T “¢ 
12V 
FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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HARRIS RURU10040, RURU10050 


SEMICONDUCTOR 


December 1993 
Features 
e Ultrafast with Soft Recovery. ...........e20e. <80ns 
¢ Operating Temperature .............2.00005 +175°C 
e Reverse Voltage Up to... 1... cece eee eee nee 600V 


e Avalanche Energy Rated 
e Planar Construction 


Applications 

e Switching Power Supplies 
¢ Power Switching Circuits 
¢ General Purpose 


Description 


RURU10040, RURU10050 and RURU10060 (TA49019) 
are ultrafast diodes with soft recovery characteristics 
(tan < 80ns). They have low forward voltage drop and are 
silicon nitride passivated ion-implanted epitaxial planar 
construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies 
and other power switching applications. Their low stored charge 
and ultrafast recovery with soft recovery characteristic minimize 
ringing and electrical noise in many power switching circuits 
reducing power loss in the switching transistors. 


All devices are supplied in the single lead, JEDEC style TO- 
218 package. 


Due to space limitations, the brand on this part is abbreviated to 
URU10040, URU10050 or URU10060. 


To order this part use the full part number, e.g. RURU10040. 


Absolute Maximum Ratings (T, = +25°C) 

Peak Repetitive Reverse Voltage .......... ccc eee cee ee eee Varo 

Working Peak Reverse Voltage ............. 0... ee eee eee Vawe 

DO 'Blocking Voltage ns ses ose leee Va weenie tw wewerianeae Va 

Average Rectified Forward Current ........... cece cece eeeee lev) 
(To = +68.2°C) 

Repetitive Peak Surge Current.......... 0. cece eee eee eee lesm 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current ..... 0.0... cc eee cece ee eee lEsM 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation ........... cece cece ee eee eens Pp 


Avalanche Energy (L = 40MH)...... 0... cece eee eee ween eee Wavi 
Operating and Storage Temperature 


RURU10060 


100A, 400V - 600V Ultrafast Diodes 


Package 


JEDEC STYLE SINGLE LEAD TO-218 
TOP VIEW 


ANODE 
Symbol 
K 
A 

a 

5a 

gO 

ra) 

<q 

cw 

Ao 

-z 

(7p) 

RURU10040 § RURU10050 = RURU10060 UNITS 

400 500 600 Vv 
400 500 600 Vv 
400 500 600 V 
100 100 100 A 
200 200 200 A 
1000 1000 1000 A 
210 210 210 W 
50 50 50 mj 
-65 to +175 -65 to +175 -65 to +175 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications RURU10040, RURU10050, RURU10060 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


TEST 
CONDITION 


+ 
~< 
| 


To = +150°C 


DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
Ig = Instantaneous reverse current. 
tara = Reverse recovery time summation of t, + tg. 
a Time to reach peak reverse current (See Figure 2). 
= Time from peak Ipy to projected zero crossing of I_py based on a straight line from peak Ipy through 25% of I_y (See Figure 2). 
= Thermal resistance junction to case. 
Wavi = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


La Ses 


o 


V, AMPLITUDE CONTROLS I; 
V2 AMPLITUDE CONTROLS di/dt 


L;=SELFINDUCTANCEOFR, 1 t = Staquax) 
+Lioop : (AR 
+V; ly é tacmiN) 
| 10 
0 : se 
i Sto He 
ity i 
> ~~ ts 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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RURU10040, RURU10050, RURU10060 


Typical Performance Curves 
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Ve, FORWARD VOLTAGE (V) Vj, REVERSE VOLTAGE (V) 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
VOLTAGE DROP 
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- 
r | = 
o fe) 
uw 40 fil rf 
S tt rane all g ow 
- => 
ae z nO 
z Lo 
0 a4 Ps Ww 
1 100 25 50 75 100 125 150 175  — 
Irs FORWARD CURRENT (A) Tc, CASE TEMPERATURE (°C) — 
FIGURE 5. TYPICAL tap, t, AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES n 
CURRENT 
IMAX =1A 
L=40mH 
R<0.10 
Wave = 1/2L? [VavLAVavi - Voo)] 
Qy & Q2 ARE 1000V MOSFETs L R 4d 
Vpp 
4 1302 
f I > DUT 
nl 12V 2 
+~ CURRENT 
1300 ‘- SENSE 
Vpp 
] -¢ , 
12V to ty te aia 
FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 


FORMS 
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@ HARRIS RURU100120 


Sccaacsaae. .. | 100A, 1200V Ultrafast Diode 


Features Package 
e Ultrafast with Soft Recovery................ <125ns JEDEC STYLE SINGLE LEAD TO-218 
¢ Operating Temperature .............02ceees +175°C an 
e Reverse Voltage ........ cece cere enc ccnaee 1200V CATHODE 
(FLANGE) 


e Avalanche Energy Rated 
| ANODE 


e Planar Construction 


Applications 

¢ Switching Power Supplies 

¢ Power Switching Circuits 

¢ General Purpose Sy mbol 


Description 


The RURU100120 (TA49020) is an ultrafast diode with soft 
recovery characteristics (tan < 125ns). It has low forward 
voltage drop and is silicon nitride passivated ion-implanted 
epitaxial planar construction. A 


This device is intended for use as a freewheeling/clamping 
diode and rectifier in a variety of switching power supplies 
and other power switching applications. Its low stored charge 
and ultrafast recovery with soft recovery characteristic mini- 
mize ringing and electrical noise in many power switching 
circuits reducing power loss in the switching transistors. 


The RURU100120 is supplied in the single lead, JEDEC 
style TO-218 package. 


Due to space limitations, the brand on this part is abbrevi- 
ated to UR100120. 


To order this part use the full part number, i.e. RURU100120. 


Absolute Maximum Ratings (T, = +25°C) 


RURU100120 UNITS 
Peak Repetitive Reverse Voltage... 2.0... cc cece ec eee ce ee eee teeter nent teen cence Var 1200 V 
Working Peak Reverse Volage 6:2 swine ea kciaie hv ec oid Bed 0 Ba Wh DESO Woe SR es ate ere eg wate a Vawm 1200 V 
DC. BlOcKing VONEGO! 2 box sorte dhe Se eee cenat Os aed Sawa ee Saewe B SOR ESR eee ee Vr 1200 V 
Average Rectified Forward Current .......... cece cc ccc cece reece eee eee eee teens eneees leyav) 100 A 
(To = +48.7°C) 
Repetitive Peak Surge Current... 2... ccc ccc cece cece eect eters esters ceeees lesm 200 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current... cc eee eee cee ee eee ee eee tere cere noes lesm 500 A 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation: iccaci oes br enw nae eed ae eae Pew ee eee Fee ea Pp 210 W 
Avalanche Energy (= 40MA) oes ksh eta se tusad saweas se Gldbs a6 be Va eeG shoe ane had anwn Wav 50 mj 
Operating and Storage Temperature .. 1... cece eee eee tere nett eee eens Tste,ty -65 to +175 °C 


> 
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Specifications RURU100120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITION 
Ve 


Pe rr ee ee 


DEFINITIONS 
Vf = Instantaneous forward voltage (pw = 300us, D = 2%). 
lg = Instantaneous reverse current. 
tan = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of !_y based on a straight line from peak Ipy through 25% of Ipyy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Wavi = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


ULTRAFAST 
SINGLE DIODES 


V, AMPLITUDE CONTROLS I +V5 
V2 AMPLITUDE CONTROLS di/dt test 
L, = SELF INDUCTANCE OF Ry 1 rh oe A(MAX) 
+Lioop ts : 
Ly y tacMIN) 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tan WAVEFORMS AND DEFINITIONS 
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RURU100120 


Typical Performance Curves 


Ir, FORWARD CURRENT (A) 


0 0.5 1 1.5 2 2.5 3 3.5 0 200 400 600 800 1000 1200 
Vr, FORWARD VOLTAGE (V) Vp, REVERSE VOLTAGE (V) 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
VOLTAGE DROP 


«A 


t, RECOVERY TIMES (ns) 
IF(av), AVERAGE FORWARD CURRENT (A) 


25 50 75 «100 125 150175 
Ic, FORWARD CURRENT (A) Tc, CASE TEMPERATURE (°C) 

FIGURE 5. TYPICAL tap, t, AND tz CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT 

Iv AX = 1A 

L=40mH 

R<0.1Q 

Wav = 1/2L? [VayiAVavi - Yoo) 

Q; & Q, ARE 1000V MOSFETs L R44 


i 1302 
y [| DUT 
Q2 
4- CURRENT tt a 
1302 t. SENSE iv ae 
Voo on 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 
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OM) HARRIS RURU15040, RURU15050 
SEMICONDUCTOR RURU15060 


December 1993 150A, 400V - 600V Ultrafast Diodes 
Features Package 
¢ Ultrafast with Soft Recovery. ..........0esceeeneves <85ns JEDEC STYLE SINGLE LEAD TO-218 
e Operating Temperature ............c ccc ceceeeees +175°C eae 
e Reverse Voltage Up To ..... .Sucasars eeaa waeuiene as 600V ANGE 


e Avalanche Energy Rated ANODE 


e Planar Construction 


Applications 
¢ Switching Power Supplies 


¢ Power Switching Circults | Symbol 
e General Purpose 
Description K 


RURU15040, RURU15050 and RURU15060 are ultrafast diodes 
with soft recovery characteristics (tag < 85ns). They have low 
forward voltage drop and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimizes ring- 
ing and electrical noise in many power switching circuits reducing 
power loss in the switching transistors. 


All devices are supplied in the single lead JEDEC style TO-218 
package. 


ULTRAFAST 
SINGLE DIODES 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
RURU15040 RURU15050 RURU15060 UNITS 


Peak Repetitive Reverse Voltage... 1.6... ccc ee eee ee eee eee Varo 400 500 600 V 

Working Peak Reverse Voltage .......... ccc cee cece en eenee Vw. 400 500 600 V 

DC Blocking Voliage. <3 ss ta dtetage svi haseedaaiawe es whe SesKewex Vr 400 500 600 V 

Average Rectified Forward Current ............. cece e eee eens lF(AV) 150 150 150 A 
(To = +85°C) 

Repetitive Peak Surge Current. .... 0.0... ccc ce cee eee eens lesm 300 300 300 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current ......... 0... eee eee eee lEsm 1500 1500 1500 A 
(Halfwave, 1 phase, 60Hz) 

Maximum Power Dissipation ........ 0... cc cece eee e rece e ee eees Pp 375 375 375 W 

Avalanche Energy (L = 40MH) ... 0... ccc cece ee ee eee Wavi 50 50 50 mj 

Operating and Storage Temperature .......... 0... cee eee eee Tsta:ty -65 to +175 -65 to +175 -65 to +175 °C 
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Specifications RURU15040, RURU15050, RURU15060 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


SYMBOL | 
Ve 


Ip = 150A, Tg = +25°C 


LIMITS 
RURU15040 : RURU15050 


RURU15060 , 


TEST CONDITION TYP TYP UNITS 


< 


le = 150A, Te = +150°C 


~— 
> 


F 
Vr = 400V, To = +25°C 
Va = S00V, Ty = +25°C 
Va = 600V, To = +25°C 


Vp = 400V, To = 150°C 
| Va = 500V, To = 150°C 
Vp = 600V, Te = 150°C 


I; = 1A, dI,/dt = 100A/ps 
I; = 150A, di,/dt = 100A/us 
Ip = 150A, di,/dt= 100A/ps 


o 


Ip = 150A, di,/dt = 100A/ys 


> 


°CW 


pe) 
& 
re) 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). . 
lz = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of I_y based on a straight line from peak Ipy through 25% of Iny (See Figure 2). 
Rejc = Thermal resistance junction to case. 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I 

Vz AMPLITUDE CONTROLS di/dt 

L, = SELF INDUCTANCE OF Ry 
+Lioop 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURU15040, RURU15050, RURU15060 


Typical Performance Curves 
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, 1.5 0 100 300 400 B00 a00 
FORWARD VOLTABE (V_-) - VDLTS REVERSE VOLTABE (VR) - VOLTS 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
VOLTAGE DROP 
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FIGURE 5. TYPICAL tgp, tg AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT 
IMAX = 1A 
L=40mH 
R<0.1Q 
Wave = 1/2L? [VayiAVave - Yoo)! 
Qy & Qy ARE 1000V MOSFETs L R id 
1 
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. 1302 
y I| DUT 
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] =e 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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[© HARRIS RURU15070, RURU15080 
semteowseers*  PURU15090, RURU150100 


December 1993 | 150A, 700V - 1000V Ultrafast Diodes 
Features Package 
e Ultrafast with Soft Recovery.............ceeeeees <125ns JEDEC STYLE SINGLE LEAD TO-218 
e Operating Temperature ........ cc cece ewe ce ceee +175°C ace 
e Reverse Voltage Up To .........c cc cenccccccccacs 1000V FLANGE) 


¢ Avalanche Energy Rated ANODE 


e Planar Construction 


Applications 

¢ Switching Power Supplies 

e Power Switching Circuits Symbol 
e General Purpose 


Description 


RURU15070, RURU15080 and RURU15090 and RURU150100 are 
ultrafast diodes with soft recovery characteristics (tag < 125ns). 
They have low forward voltage drop and are silicon nitride passi- 
vated ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimizes ring- 
ing and electrical noise in many power switching circuits reducing 
power loss in the switching transistors. 


All devices are supplied in the single lead JEDEC style TO-218 
package. 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
RURU15070 RURU15080 RURU15090 RURU150100 UNITS 


Peak Repetitive Reverse Voltage.............. Varnm 700 800 900 1000 V 

Working Peak Reverse Voltage .............. Vawe 700 800 900 1000 V 

DC Blocking Voltage. ........ ccc eee eee ee eee Vr 700 800 900 1000 V 

Average Rectified Forward Current ............ lF(av) 150 150 150 150 A 
(Te = +65°C) 

Repetitive Peak Surge Current..... meee tant are lego 300 300 300 300 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current.............. lESM 1500 1500 1500 1500 A 
(Halfwave, 1 phase, 60Hz) 

Maximum Power Dissipation ...............000. Pp 375 375 375 375 W 

Avalanche Energy (L = 40mH)................ Wavi 50 50 50 50 mj 

Operating and Storage Temperature ......... Tstq.ty  -65 to +175 -65 to +175 -65 to +175 -65 to +175 °C 
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Specifications RURU15070, RURU15080, RURU15090, RURU150100 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITION 


Vr = 700V, To = +150°C 
Vp = B00V, To = +150°C 


LIMITS 


0 
c 
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c 
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c 
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c 
ash 
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PY 
DEFINITIONS 


= Instantaneous forward voltage (pw = 300us, D = 2%). 
i Instantaneous reverse current. 
tan = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of I_y based on a straight line from peak Ipy through 25% of Ipy (See Figure 2). 
Rgjc = Thermal resistance junction to case. 
Wav = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 
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V, AMPLITUDE CONTROLS Ir 
V> AMPLITUDE CONTROLS di/dt 


Ly=SELF INDUCTANCEOFR, 1 2 ty 2 Stamax) 
+Lioop ta>trr 
tg>0 
a 
+Vj Ly. tac) 
10 
0 ‘ . es 
t eit, 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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ULTRAFAST 
SINGLE DIODES 


RURU15070, RURU15080, RURU15090, RURU150100 


Typical Performance Curves - 


FORWARD CURRENT (Ip) - AMPS 


0.5 1.0 1.5 
FDRWARD VOLTAGE (Ve) - VOLTS 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


2.0 


TIME ¢t) - ne 


0 
FORWARD SuRRENI CIp) - 
FIGURE 5. TYPICAL tap, t, AND tg CURVES vs FORWARD 


AMPS 


REVERSE CURRENT (Ip) - uAMPS 


REVERSE VOLTABE (Vg) - VOLTS 
FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


AVERAGE FORWARD CURRENT - (Ip¢AV)) - AMPS 


150 175 


75 100 125 ‘ 
CASE TEMPERATURE - (Tr)? - EC 


FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 


CURRENT 
IMAX =1A 
L=40mH 
R<0.10 
Wave = 1/2L? [(VaviAVave - Vp) : 
Q, & Q, ARE 1000V MOSFETs Q, L R ad 
Vpp 
a 1302 
f | | DUT 
nl eran sav 
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| _ 
] -¢ 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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SELECTION GUIDE 2 himncucdos tases euler ns Oa oa eet aM amas Hae eS ee eRe see Aout e Rees 
ULTRAFAST DUAL DIODE DATA SHEETS 


BYW51-100, BYW51-150, 
BYW51-200 


RURP810CC, RURP815CC, 
RURP820CC 


RURG1510CC, RURG1515CC, 
RURG1520CC 


RURG1540CC, RURG1550CC, 
RURG1560CC 


RURG1570CC, RURG1580CC, 
RURG1590CC, RURG15100CC 


RURG3010CC, RURG3015CC, 
RURG3020CC 


RURG3040CC, RURG3050CC, 
RURG3060CC 


RURG3070CC, RURG3080CC, 
RURG3090CC, RURG30100CC 


RURG30120CC 


RURH1570CC, RURH1580CC, 
RURH1590CC, RURH15100CC 


MUR1610CT, MUR1615CT, 
MUR1620CT 


MUR3010PT, RURH1510CC, 
MUR3015PT, RURH1515CC, 
MUR3020PT, RURH1520CC 


MUR3040PT, RURH1540CC, 
MUR3050PT, RURH1550CC, 
MURSO60PT, RURH1560CC 


30A, 1200V Ultrafast Dual Diode 


8A, 100V - 200V Ultrafast Dual Diodes. 


8A, 100V - 200V Ultrafast Dual Diodes. 


15A, 100V - 200V Ultrafast Dual Diodes 


15A, 400V - 600V Ultrafast Dual Diodes 


15A, 7OOV - 1000V Dual Ultrafast Diodes.......................-. 


30A, 100V - 200V Ultrafast Dual Diodes 


30A, 400V - 600V Ultrafast Dual Diodes 


30A, 7OOV - 1000V Ultrafast Dual Diodes 
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15A, 700V - 1000V Ultrafast Dual Diodes......................05. 


16A, 100V - 200V Ultrafast Dual Diodes 


15A, 100V - 200V Ultrafast Dual Diodes 


15A, 400V - 600V Ultrafast Dual Diodes 
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ULTRAFAST 
DUAL DIODES 


RURH3010CC, RURH3015CC, 
RURH3020CC 


RURH3040CC, RURH3050CC, 
RURH3060CC 


RURH3070CC, RURH3080CC, 
RURH3090CC, RURH30100CC 


RURM1610CC, RURM1615CC, 
RURM1620CC 


Ultrafast Dual Diodes ecciiaed 


30A, 100V - 200V Ultrafast Dual Diodes 


30A, 400V - 600V Ultrafast Dual Diodes 


osp epee eevee ee see seo ee eee we we ee 


ese ee eee ewes es se es we we we ee wwe eh lw 


30A, 7OOV - 1000V Ultrafast Dual Diodes. ............ 0... ce eee 


16A ,100V - 200V Ultrafast Dual Diodes 
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Selection Guide 


HARRIS DUAL ULTRAFAST RECOVERY RECTIFIER PRODUCT LINE 


MUR1610CT 
BYW51100 
RURP810CC 


MUR1615CT 
BYW51150 
RURP815CC 


MUR1620CT 
-BYW51200 
RURP820CC 


1000V 


SHADING = Future Product Offerings 


ZO 
ST 


7 
TO-218AC 


MUR3010PT RURH3010CC 
RURH1510CC 


MUR3015PT 
RURH1515CC 


MUR3020PT 
RURH1520CC 
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RURG1510CC 


ULTRAFAST 
DUAL DIODES 


cat HARRIS BYW51-100 
BYW51-150, BYW51-200 


December 1993 8A, 100V - 200V Ultrafast Dual Diodes 
Features Package 
e Ultra Fast Recovery Time (<35 ns) JEDEC TO-220AB 
TOP VIEW 
¢ Low Forward Voltage 
¢ Low Thermal Resistance cinione sane 
e Planar Design (FLANGE) CATHODE 
e Wire-Bonded Construction ~~ _ ANODE 2 
Applications 
e General Purpose 
¢ Power Switching Circuits to 100kHz Symbol 
¢ Full-Wave Rectification K 
Description 


The BYW51 series devices are low forward voltage drop, 
ultra-fast-recovery rectifiers (tae < 35ns). They use a planar 
ion-implanted epitaxial construction. 


These devices are intended for use as output rectifiers and - on 
fily-wheel diodes in a variety of high-frequency pulse-width- 
modulated and switching regulators. Their low stored charge 
and attendant fast reverse-recovery behavior minimize elec- 
trical noise generation and in many circuits markedly reduce ms 
the turn-on dissipation of the associated power switching Vs uw 
transistors. < a 
All are supplied in JEDEC TO-220AB plastic packages. ao 
HZ 
—! 
> 
Absolute Maximum Ratings Per Junction 
BYW51-100 BYW51-150 BYW51-200 UNITS 
Maximum Peak Repetitive Reverse Voltage ........... Venu 100 150 200 Vv 
Maximum Peak Surge Voltage... . 02... eee eee eee Vasu 110 165 220 Vv 
Repetitive Peak Surge Current............... lenm, tp < 10ps 100 100 100 A 
Nonrepetitive Peak Surge Current............ I-(RMS), Total 20 20 20 A 
Average Rectified forward Current............... IF(avy, Total 20 20 20 A 
Vere 125°C. a9 05 le eon «i a eeaee sien santa weeks 
Repetitive Peak Surge Current. ......... 0.00. cece cues lesm 100 100 100 A 
tp = 10ms, Sinusoidal 
Maximum Power Dissipation ............... Pp. To = +125°C 20 20 20 W 
Operating and Storage Temperature .............0000005 T; -40 + 150 -40 + 150 -40 + 150 °C 
T, (Lead Temperature During Soldering)................... 260 260 260 °C 
At Distance > '/, in. (3.17mm) From Case For 10s max. 
Copyright © Harris Corporation 1993 File Number 1412.1 


Specifications BYW51-100, BYW51-150, BYW51-200 


Electrical Specifications — Per Junction 


TEST CONDITIONS LIMITS 
VOLTAGE CURRENT BYW51-100 | Bywst-100 | Bywst-150 | BYWs51-200 | | BYW51-200 
Ty ‘R 
soo | noccce 


ol 
oe) 
oa 


ad 
for 
vo) 


oO 
¢ ioe] 
ve] 


°C/W 


°CW 


@ 
L¢*) 


°CW 


= oO} © 
co 


All types (typ.) 40 


no} 
s 


1. dip/dt > 50A/us, Ipy(rec) <1A, lap = 0.25A. 
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BYW51-100, BYW51-150, BYW51-200 


Typical Performance Curves 
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FIGURE 2. THERMAL IMPEDANCE vs PULSE WIDTH 
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FIGURE 1. PEAK SURGE FORWARD CURRENT vs SURGE 


(v) INSYYND GHYVMHOS ‘41 


Ve, FORWARD VOLTAGE DROP (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


@ HARRIS RURP810CC 
semicowDucTOR P1JPD815CC, RURP820CC 


Bacenperieas | 8A, 100V - 200V Ultrafast Dual Diodes 
Features Package 
e Ultrafast Recovery Time JEDEC TO-220AB 
(tar < 35ns) BOTTOM VIEW 


e Low Forward Voltage 
e Low Thermal Resistance 
e Planar Design CATHODE 


e Wire-Bonded Construction (FLANGE) 


Applications 

e General Purpose 

¢ Power Switching Circuits to 100kHz 
e Full-Wave Rectification 


Description | Symbol 


RURP810CC, RURP815CC, RURP820CC are low forward K 
voltage drop ultrafast rectifiers (tag < 35ns). They use an 
ion-implanted planar epitaxial construction. 


These devices are intended for use as output rectifiers and 

flywheel diodies in a variety of high frequency pulse width 

modulated and switching regulators. Their low stored charge 

and attendant fast reverse recovery behavior minimize elec- Al A2 
trical noise generation and in many circuits markedly reduce 

the turn-on dissipation of the associated power switching 

transistors. 


All are supplied in JEDEC TO-220AB plastic packages. 


Absolute Maximum Ratings (T, = +25°C) 


RURP810CC RURP815CC RURP820CC 

Peak Repetitive Reverse Voltage. ........... cee ee eee eee nee Var 100V 150V 200V 
Average Rectified Forward Current (Per Leg) 

Ty = 425°C (No Heat SINK) oc. ccc bccn acca wew ae eared aw eed levavy 3A 3A 3A 

Ta = +25°C (With Heat Sink)*... 0... ce ec cece ence ences lE(av) 8A 8A 8A 

Te S125 C8 Gi ly Ria aae Geta ha aes eee ES Oe Ook lF(aV) 8A 8A 8A 
Nonrepetitive Peak Surge Current........... 0. cece eee eee eee oe. lesn 100A 100A 100A 

(8.3ms, '/, cycle) 
Operating and Storage Temperature ............. 0. cee ee eens Tstg, Ty -55°C to+175°C = -55°C to +175°C 3=—s_ 55°C to + 175°C 
Maximum Lead Temperature During Solder .............. eee eee eee TL 260°C 260°C 260°C 

(At distance > '/,” (3.17mm) from case or 10s max) 
“Wakefield type 295 heat sink with convection cooling. 

Copyright © Harris Corporation 1993 FileNumber 1356.3 
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Specifications RURP810CC, RURP815CC, RURP820CC 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 


RURP810CC RURP815CC | eS | 


TEST 
SYMBOL CONDITION 

Ve I; = 8A, Te 
| Ip = BA, To 

Ip at 

To = +150°C | 
7 Va = 200V 

Va = 10V, IF 
“di-/dt = 50A/us lpm (rec) <1A lar 


Sagoid Wwnd 


LSVAVHLIN 


oem ema 
Seas Vee 


tp, Suge WIDTH (msec) 


FIGURE 2. THERMAL IMPEDANCE vs PULSE WIDTH (PER 
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o> 

oe hed) 
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0.25A. 


+150°C 
+25°C 
OA 


N, NUMBER OF HALF-CYCLES IN SURGE DURATION AT 60Hz 
FIGURE 1. PEAK SURGE FORWARD CURRENT vs SURGE 


(v) LNSYYND GYVMHOS 
(3AILILSd3Y-NON) SDYNS NW3d ‘NSS; 


Typical Performance Curves. 
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FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


Ve, FORWARD VOLTAGE DROP (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 


VOLTAGE DROP 
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ca HARRIS RURG1510CC 
SEMICONDUCTOR RURG1515CC, RURG1520CC 


December 1993 15A, 100V - 200V Ultrafast Dual Diodes 
Features Package 
e Ultrafast with Soft Recovery...............5. <30ns JEDEC STYLE TO-247 
TOP VIEW 
e Operating Temperature ................006. +175°C 
m CATHODE 
Reverse Voltage Up to............- cee ee eeee 200V (BOTTOM SIDE 
e Avalanche Energy Rated METAL) 


e Planar Construction 


Applications 
¢ Switching Power Supplies 


¢ Power Switching Circuits 


¢ General Purpose Symbol 
K 

Description 

RURG1510CC, RURG1515CC and RURG1520CC 

(TA9926) are ultrafast dual diodes with soft recovery charac- 

teristics (tan < 30ns). They have low forward voltage drop 

and are silicon nitride passivated ion-implanted epitaxial pla- Al A2 

nar construction. 

These devices are intended for use as freewheeling/clamping 

diodes and rectifiers in a variety of switching power supplies 

and other power switching applications. Their low stored 

charge and ultrafast recovery with soft recovery characteristic 

minimizes ringing and electrical noise in many power switching 

circuits reducing power loss in the switching transistors. 

All devices are supplied in the JEDEC Style TO-247 package. 

Due to space limitations, the brand on this part is abbreviated to 

UR1510CC, UR1515CC or UR1520CC.. 

To order this part use the full part number, e.g. RURG1510CC. 

Absolute Maximum Ratings § (T, = +25°C) 

RURG1510CC RURG1515CC RURG1520CC UNITS 

Peak Repetitive Reverse Voltage................... Varo 100 150 200 V 

Working Peak Reverse Voltage .................05. Vawa 100 150 200 V 

DC Blocking Voltage. ... 0.0... cece eee eee eee eees Va 100 150 200 V 

Average Rectified Forward Current (Per Leg) ......... lE(aV) 15 15 15 A 
(To = +145°C) 

Repetitive Peak Surge Current...............-.2568- lesm 30 30 30 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current................... lesm 200 200 200 A 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation ............. 0c cece wees Pp 100 100 100 WwW 

Avalanche ENGhOy scien ncddaems Gin iin es Veh twee Wavi 20 20 20 mj 
(L = 40mH) 

Operating and Storage Temperature .............. Tgta@ly -65 to +175 -65 to +175 -65 to +175 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 3 5 51.1 
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Specifications RURG1510CC, RURG1515CC, RURG1520CC 


Electrical Specifications TT, = +25°C, Unless Otherwise Specified 


RURG1510CC LIMITS RURG1515CC LIMITS ie aS 5200€ EMITS 
snot Pon [re [ws [oe [ef 


TEST 
CONDITION 


To= +1 50°C 


= 100V 


Va= 150V 


a aH 


= 200V 


= 100V 
= 150V 
Va = 200V 


To = +150° 


fexwevs] | 


Q) 


Te= +150° 


Iz = 1A, dig/dt = 100A/ps 


Ip = 15A, dif/dt = 100A/us 


Ip = 15A, dip/dt = 100A/us 


Ip = 15A, di-/dt = 100A/us 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
l_ = Instantaneous reverse current. 
tan = Reverse recovery time (See Figure 2), summation of t, + tg. 
= Time to reach peak reverse current (See Figure 2). 
= Time from peak Ipy to projected zero crossing of I_y based on a straight line from peak Ipy through 25% of lay (See Figure 2). 
oe Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


S 
3 


povaataaHoaia| 


V, AMPLITUDE CONTROLS I- 


Vz AMPLITUDE CONTROLS di/dt ty>St 
Ly=SELFINDUCTANCE OFR, = 71 Uotag 
+LLoop tg>0 
a, a < ‘A(MIN) 
0 J L 
$ mit, He 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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ULTRAFAST 
DUAL DIODES 


RURG1510CC, RURG1515CC, RURG1520CC 


Typical Performance Curves 


100 


FORWARD CURRENT (Ip) - AMPS 


0.4 0.6 0.8 
FORWARD VOLTAGE (V-) - VOLTS 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 


VOLTAGE DROP 
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TIME (t) - ns 
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FORWARD CURRENT (Ie) - AMPS 


Thue: | 
|} — 
ie 


20 


TRRE22B 
FIGURE 5. TYPICAL tap, ta AND tg CURVES vs FORWARD 
CURRENT 
IMAX = 1A 
L=40mH 
R<0.10 
Wave = 1/2L?? [VavLAVavi - Yoo) 
Q, & Q) ARE 1000V MOSFETs Q, L R 4 
Vop 
“4 1300 
y | DUT 
12v (8 
+- CURRENT 
13002 ‘- SENSE 
Vop 
I x 
12V 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


REVERSE CURRENT (Ip) - uAMPS 


100 
REVERSE VOLTABE (Vp) - VOLTS iRTRReEB 


FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


AVERAGE FORWARD CURRENT - (Ip CAVY)) - AMPS 


150 160 
CASE TEMPERATURE - (Tp) - 
FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 


ty 


FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 
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FARRIS 


SEMICONDUCTOR 


uD 


December 1993 
Features 
¢ Ultrafast with Soft Recovery................. <55ns 
e Operating Temperature ...............-.-6. +175°C 
e Reverse Voltage Up to... 0... cece eee ewes 600V 


e Avalanche Energy Rated 


e Planar Construction 


Applications 
e Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


RURG1540CC, RURG1550CC and RURG1560CC 
(TA9905) are ultrafast dual diodes with soft recovery char- 
acteristics (tan < 55ns). They have low forward voltage 
drop and are silicon nitride passivated ion-implanted epi- 
taxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies 
and other power switching applications. Their low stored charge 
and ultrafast recovery with soft recovery characteristic minimize 
ringing and electrical noise in many power switching circuits 
reducing power loss in the switching transistors. 


All devices are supplied in the JEDEC Style TO-247 package. 


Due to space limitations, the brand on this part is abbreviated to 
UR1540CC, UR1550CC or UR1560CC. 


To order this part use the full part number, e.g. RURG1540CC. 


Absolute Maximum Ratings (T, = +25°C) 

Peak Repetitive Reverse Voltage ............ 02. eee eee Varo 

Working Peak Reverse Voltage ............. cece eens Vawa 

DC. BIOCKING: VOHAGO asic oa siceiate ins ee alee ees Wie eet oles Vr 

Average Rectified Forward Current (Per Leg)............. lF(AV) 
(To = +145°C) 

Repetitive Peak Surge Current.......... 0... cece eee eee lesu 
(Square Wave, 20kKHz) 

Nonrepetitive Peak Surge Current ............ ccc eens lesm 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation .......... 2... e cece eee Pp 

Avalanche Energy. ....... 0... ccc ccc eee c eee e ee eees Wav 
(L = 40mH) 

Operating and Storage Temperature ................0.. Tste,Ty 


Copyright © Harris Corporation 1993 


RURG1540CC 


RURG1550CC, RURG1560CC 


15A, 400V - 600V Ultrafast Dual Diodes 


Package 


CATHODE 
(BOTTOM SIDE 
METAL) 


LL» 


Symbol 


RURG1540CC 
400V 
400V 
400V 

15A 


30A 
200A 


100W 
20mj 


“65°C to +175°C 
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JEDEC STYLE TO-247 
TOP VIEW 


K 
Al A2 
”) 
5 ul 
< AQ 
u O 
= Qa 
1 
aE 
=A 
RURG1550CC RURG1560CC 
500V 600V 
500V 600V 
500V 600V 
15A 15A 
30A 30A 
200A 200A 
100W 100W 
20mj 20mj 
-65°C to +175°C -65°C to +175°C 


File Number 3548.1 


Specifications RURG1540CC, RURG1550CC, RURG1560CC 


RURG1540CC LIMITS RURG1550CC LIMITS RURG1560CC LIMITS 
TEST 
conomon [wn [ ver [wax | wm [ove | wax [ wn | rye | wax 


0 


@) 


Te = +1 50° 
To = +150° 


Vr = 600V To = +1 50° 


lp = 1A, dip/dt=100A/us | 
Ip = 15A, die/dt=100A/us | 


I; = 15A, di/dt = 100A/us 
I; = 15A, dip/dt = 100A/is 


N 
N 


eee Eee ES 
eS Ewha ee 


DEFINITIONS 
Vr = Instantaneous forward voitage (pw = 300us, D = 2%). 
ly = Instantaneous reverse current. 
tan = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy, to projected zero crossing of Ipy based on a straight line from peak Ipy through 25% of Inv (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS Ir 


V2 AMPLITUDE CONTROLS di/dt R te >5t 
Ly=SELFINDUCTANCEOFR, 1 oe 
+Lioop Ne 
+Vj La. taqmn) 
| R, 10 
0 « e oe 
i ity He 
td i 
0 . es 
V U 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURG1540CC, RURG1550CC, RURG1560CC 


Typical Performance Curves 


FORWARD CURRENT (I¢) - AMPS 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 
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FIGURE 5. TYPICAL tap, ta AND tg CURVES vs FORWARD 


CURRENT 
IMAX = 1A 
L =40mH 
R<0.10 
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Q, & Qo ARE 1000V MOSFETs Q, L R ad 
Vop 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
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FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 


FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 


ULTRAFAST 
DUAL DIODES 


cat HARRIS RURG1570CC, RURG1580CC 
veueeen’’"*“ RURG1590CC, RURG15100CC 


December 1993 15A, 700V = 1000V Dual Ultrafast Diodes 
Features Package 
e Ultrafast with Soft Recovery................ <100ns JEDEC STYLE TO-247 
TOP VIEW 

¢ Operating Temperature...............006: +175°C 
e Reverse Voltage Up to..............-20eeees 1000V 

CATHODE 
e Avalanche Energy Rated (BOTTOM SIDE 

METAL) 
e Planar Construction l 
——__ 

Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 
e¢ General Purpose 
Description Symbol 
RURG1570CC, RURG1580CC, RURG1590CC and K 


RUR15100CC are ultrafast dual diodes with soft recovery 
characteristics (tap < 100ns). They have low forward voltage 
drop and are silicon nitride passivated ion-implanted epitax- 
ial planar construction. 


These devices are intended for use as freewheel/clamping 

diode and rectifiers in a variety of switching power supplies Ai A2 
and other power switching applications. Their low stored 

charge and ultrafast recovery with soft recovery characteris- 

tic minimizes ringing and electrical noise in many power 

switching circuits reducing power loss in the switching tran- 

sistors. 


All devices are supplied in the JEDEC Style TO-247 package. 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
RURG1570CC RURG1580CC RURG1590CC RURG15100CC 


Peak Repetitive Reverse Voltage. ............ eee eee eee Varo 700V 800V 900V 1000V 

Working Peak Reverse Voltage ....... 0... cece e eee Vawe 700V 800V 900V 1000V 

DG ‘Blocking Voltage: 4.2/0ic2 vis neat Oui cuks ie wi keeled Ges Vr 700V 800V 900V 1000V 

Average Rectified Forward Current (Per Leg) .............. levav 15A 15A 15A 15A 
(Total device forward current at rated Vp and To = +150°C) 

Peak Forward Repetitive Current............ 00. c eee eee lFRM 30A 30A 30A 30A 
(Rated Vp, square wave 20kKHZ) 

Nonrepetitive Peak Surge Current ............ 0c eee enone lesm 200A 200A 200A 200A 
(Surge applied at rated load condition halfwave 1 phase 60Hz) 

Maximum Power Dissipation ..................0 0.0002 e ee Py 100W 100W 100W 100W 

Operating and Storage Temperature ................4. Tstg, Ty -65°C to +175°C -65°C to +175°C -65°C to +175°C -65°C to +175°C 
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Specifications RURG1570CC, RURG1580CC, RURG1590CC, RURG15100CC 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 


| | | LIMITS 
| _ RURG1570CC. |  RURG1580CC RURG1590CC RURG15100CC 
SYMBOL | CONDITION | 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300ps, D = 2%). 
Iq = Instantaneous reverse current. 
tar = Reverse recovery time at di-p/dt = 100A/us (See Figure 2), summation of ta + tp. 
t, = Time to reach peak reverse current at di-/dt = 100A/ys (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ip based on a straight line from peak Ipy through 25% of Iny (See Figure 2). 
Reyc = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V;, AMPLITUDE CONTROLS Ir 43 

V2 AMPLITUDE CONTROLS di/dt ee 

L;=SELFINDUCTANCEOFR, 1 t1 2 StAMAX) 
* Loop iso 


uy , ta(MIN) 
R, 10 


VRM (REC) (70777 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. DEFINITIONS OF tan, ta AND tg 
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ULTRAFAST 
DUAL DIODES 


RURG1570CC, RURG1580CC, RURG1590CC, RURG15100CC 


Typical Performance Curves 
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FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 
CHARACTERISTIC 


0 5 
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ir, FORWARD CURRENT (A) 
FIGURE 5. TYPICAL tap, t, AND tg CURVES vs FORWARD 
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lg, REVERSE CURRENT (A) 
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Vy, REVERSE VOLTAGE (V) 


FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 
CHARACTERISTIC 


lF(ava), AVERAGE FORWARD CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 
FIGURE 6. TYPICAL CURRENT DERATING CURVE vs CASE 


CURRENT TEMPERATURE 
Q, L R +O 
Vpp 
| 1300 
f 1 DUT 
iv 
| + CURRENT 
130Q ‘- SENSE 
Vpp 
! | -C 
12V 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


tr 


to ty to 


FIGURE 8. CURRENT VOLTAGE WAVEFORM 


I_peak = 1A, L = 40mH, R < 0.10, Way: = (*/2) LI7[Vavi(Vave - Voo)] 
Q1 AND Q2 ARE 1000V MOSFETs 


cas HARRIS RURG3010CC 
semieowouere® PURG3015CC, RURG3020CC 


December 1993 30A, 100V - 200V Ultrafast Dual Diodes 
Features Package 
e Ultrafast with Soft Recovery................. <45ns JEDEC STYLE TO-247 
TOP VIEW 

¢ Operating Temperature.................... +175°C 
e CATHODE 

Reverse Voltage Up to... ....... ccc eee en enee 200V (BOTTOM SIDE 
¢ Avalanche Energy Rated METAL) 

1 © 

e Planar Construction 
Applications 


¢ Switching Power Supplies 
¢ Power Switching Circuits 
* General Purpose Symbol 


Description 


RURG3010CC, RURG3015CC and RURG3020CC 

(TA9645) are ultrafast dual diodes with soft recovery char- 

acteristics (tana < 45ns). They have low forward voltage 

drop and are silicon nitride passivated ion-implanted epi- Al A2 
taxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies 
and other power switching applications. Their low stored charge 
and ultrafast recovery with soft recovery characteristic mini- 
mizes ringing and electrical noise in many power switching cir- 
cuits reducing power loss in the switching transistors. 


All devices are supplied in the JEDEC Style TO-247 package. 


ULTRAFAST 
DUAL DIODES 


Due to space limitations, the brand on this part is abbreviated to 
UR3010CC, UR3015CC or UR3020CC. 


To order this part use the full part number, e.g. RURG3010CC. 


Absolute Maximum Ratings (Tg, = +25°C) 
RURG3010CC RURG3015CC RURG3020CC UNITS 


Peak Repetitive Reverse Voltage ............ cee cece eens VaRM 100 150 200 V 

Working Peak Reverse Voltage .............- ee eee ee eees Vawa 100 150 200 Vv 

DG BlOCKINg VONaG6iiicd evade esse sa Gees oes vanes ee ees Vr 100 150 200 V 

Average Rectified Forward Current (Per Leg)................ lev) 30 30 30 A 
(To = +1 45°C) 

Repetitive Peak Surge Current. ...... 0... ccc cee eee eens lesm 70 70 70 A 
(Square Wave, 20kKHz) 

Nonrepetitive Peak Surge Current ...............0. cece ees lesm 325 325 325 A 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation ........... 2... cece ee eee eee Pp 125 125 125 W 

AVAIANCNG NGM QY sa. osinia soda Sid Ses are lin SE we he a os aie Siew Wavi 20 20 20 mj 
(L = 40mH) 

Operating and Storage Temperature .............. 0000s Tsta:ly  -65 to +175 -65 to +175 -65 to +175 °C 

Copyright © Harris Corporation 1993 File Number 3552.1 
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Specifications RURG3010CC, RURG3015CC, RURG3020CC 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


RURG3010CC LIMITS RURG3015CC LIMITS RURG3020CC LIMITS 


TEST 
CONDITION 


UNITS 


Eee ees 


me 100V 


Va= 150V 


BIEJESEIS Ee 


= 1A, di-/dt = 100A/ps 


I; = 30A, dl-/dt = 100A/ps 


Ip = 30A, dip/dt = 100A/1s 


Ip = 30A, di,-/dt = 100A/ps 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300s, D = 2%). 
In = Instantaneous reverse current. 
tan = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of IRy based on a straight line from peak Ipy, through 25% of Ipy (See Figure 2). 
Rec = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


Jessy 


V, AMPLITUDE CONTROLS Ir 
V2 AMPLITUDE CONTROLS di-/dt 


L,=SELFINDUCTANCE OFR, = 91 f= StA(MAX) 
+ Lioop te a 
L; t 
V Li. ta(MIN) 
se. | Ry = 10 
0 ‘ . aes 
>i ty ha 
Ch 
time ty 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tan WAVEFORMS AND DEFINITIONS 
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RURG3010CC, RURG3015CC, RURG3020CC 


Typical Performance Curves 


FORWARD CURRENT (Ie) - AMPS 
REVERSE CURRENT (Ip) - uAMPS 


! 
0.0 0.3 0.6 0.9 le 1.5 


FORWARD VDLTABE (V-) - VDLTS ae REVERSE VDLTABE (Vp) - VOLTS iRtPonaS 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
VOLTAGE DROP 
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TIME (t) - mB 


AVERAGE FORWARD CURRENT - ¢I¢(AV)) 
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FDR¥WARD CURRENT ¢ Ip) - AMPS CASE TEMPERATURE - (Tp? - £ gf o 
eas been u VY 
FIGURE 5. TYPICAL tar, ta AND ts CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES P= ra) 
CURRENT co 
1 < 
23 
Im AX = 1A 
L=40mH 
R<0.10Q 
Wave = 1/2L? [VaviAVavi - Yoo)! 
Q, & Qo ARE 1000V MOSFETs Q, L R 4 
Vpop 
| 1300 
f 1 DUT 
Qo 
nt 12V 
- CURRENT 
130Q ‘- SENSE 
Vpop 
| “9 
12V 
FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 


FORMS 
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SEMICONDUCTOR 


December 1993 


Features 
e Ultrafast with Soft Recovery 


e Operating Temperature 


Reverse Voitage Up to 


Avalanche Energy Rated 


Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose 


Description 


RURG3040CC, RURG3050CC and RURG3060CC 
(TA9903) are ultrafast dual diodes with soft recovery char- 
acteristics (tan < 55ns). They have low forward voltage 
drop and are silicon nitride passivated ion-implanted epi- 
taxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies 
and other power switching applications. Their low stored charge 
and ultrafast recovery with soft recovery characteristic minimize 
ringing and electrical noise in many power switching circuits 
reducing power loss in the switching transistors. 


All devices are supplied in the JEDEC StyleTO-247 package. 


Due to space limitations, the brand on this part is abbreviated to 
UR3040CC, UR3050CC or UR3060CC. 


To order this part use the full part number, e.g. RURG3040CC. 


Absolute Maximum Ratings (T,. = +25°C) 


Peak Repetitive Reverse Voltage ......... cece ee ce eee eee Varo 

Working Peak Reverse Voltage .......... 0... cee cece ee eeee Vawe 

DG BIOCKING VONAQG oso 125 5 eos aad eee He Saw wee ee Sees Vr 

Average Rectified Forward Current (Per Leg)...............6- lF(Av) 
(To = +130°C) 

Repetitive Peak Surge Current. ... 0... .. 0. cece eee eee eee lesm 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current ....... 2... cece ec eee eee lesm 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation ............ 0. cece cece e eee eee Pp 

AVAIANCNS ENGIGY: 4 <vawsateu sadwaine een giaivadee en soles Wavi 
(L = 40m) 

Operating and Storage Temperature ................0 0 eee Tsta,Ty 


Copyright © Harris Corporation 1993 
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RURG3040CC 


RURG3050CC, RURG3060CC 


30A, 400V - 600V Ultrafast Dual Diodes 


Package 
JEDEC STYLE TO-247 
TOP VIEW 
CATHODE 
(BOTTOM SIDE 
METAL) 


Symbol 


Al 


RURG3040CC RURG3050CC RURG3060CC UNITS 
400 500 600 Vv 
400 500 600 Vv 
400 500 600 Vv 
30 30 30 A 
70 70 70 A 
325 325 325 A 
125 125 125 Ww 
20 20 20 mj 
-65 to +175 -65 to +175 -65 to +175 °C 


FileNumber 3549.1 


Specifications RURG3040CC, RURG3050CC, RURG3060CC 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


RURG3040CC LIMITS RURG3050CC LIMITS —| RURG3O60CC LIMITS 
TEST 
conoon [wa | [1 [wax | es 
1.5 


V 


(7) 


{o> ) 
So 


ana 


DEFINITIONS 
V_ = Instantaneous forward voltage (pw = 300ps,D = 2%). 
lq = Instantaneous reverse current. 
tan = Reverse recovery time (See Figure 2), summation of ta + tg. 
t, = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ip, based on a straight line from peak Ipy through 25% of Ipy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 
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ULTRAFAST 
DUAL DIODES 


V, AMPLITUDE CONTROLS I- 


V2 AMPLITUDE CONTROLS di/dt R > Rt 
L, = SELF INDUCTANCE OF R, 1 1 A(MAX) 
+Lioop t2>trr 
tg3>0 
L 
0 ; eee : 
i Seits He 
ati 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURG3040CC, RURG3050CC, RURG3060CC 


Typical Performance Curves 
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FIGURE 5. TYPICAL tap, ta AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
_ ; FORMS 
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HARRIS RURG3070CC, RURG3080CC 
v=omee’"**“ RURG3090CC, RURG30100CC 


December 1993 30A, 700V - 1000V Ultrafast Dual Diodes 
Features Package 
¢ Ultrafast with Soft Recovery................ <110ns JEDEC STYLE TO-247 
TOP VIEW 
¢ Operating Temperature ..................4. +#175°C 
e Reverse Voltage Up to............. cece neues 1000V 
CATHODE fF 
¢ Avalanche Energy Rated (BOTTOM SIDE} A > ANODE 1 
METAL) | 
e Planar Construction | > CATHODE 


Applications 
¢ Switching Power Supplies 
e Power Switching Circuits 


¢ General Purpose 


Symbol 
Description 


RURG3070CC, RURG3080CC, RURG3090CC and . 
RURG30100CC are ultrafast dual diodes with soft recovery 

characteristics (tag < 110ns). They have low forward voltage 

drop and are silicon nitride passivated ion-implanted epitaxial 

planar construction. 


These devices are intended for use as freewheel/clamping 
diode and rectifiers in a variety of switching power supplies 
and other power switching applications. Their low stored 
charge and ultrafast recovery with soft recovery characteristic 
minimizes ringing and electrical noise in many power switch- 
ing circuits reducing power loss in the switching transistors. 


All devices are supplied in the JEDEC Style TO-247 pack- 
age. 


Al A2 


ULTRAFAST 
DUAL DIODES 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
RURG3070CC RURG3080CC RURG3090CC RURG30100CC UNITS 


Peak Repetitive Reverse Voltage. .............2- 50s eee Var 700 800 900 1000 V 

Working Peak Reverse Voltage .............. eee eee eee Vawm 700 800 900 1000 Vv 

DC Blocking Vollages.s4:. dss s nies Coenen wees vee Vea 700 800 900 1000 V 

Average Rectified Forward Current (Per Leg) ............. leva) 30 30 30 30 A 
(To = +117°C) 

Repetitive Peak Surge Current. ....... 0... 0. cece eee ewes lesm 60 60 60 60 A 
(Square Wave, 20kKHz) 

Nonrepetitive Peak Surge Current ........... 0c eee e eens lesm 300 300 300 300 A 
(Halfwave, 1 phase, 60Hz) 

Maximum Power Dissipation ........... 0... cece cece eeee Pp 125 125 125 125 W 

Operating and Storage Temperature .................. Tstq.ty -65to+175 -65to+175 -65to+175 -65to +175 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2935.1 
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opyrig Pp 6-25 


Specifications RURG3070CC, RURG3080CC, RURG3090CC, RURG30100CC 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


TEST 
SYMBOL CON DITION 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), at di-/dt = 100A/us summation of t, + tg. 
ta = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ipy, based on a straight line from peak Ipy through 25% of lay (See Figure 2). 
Rec = Thermal resistance junction to case. 
pw = pulse width. 
D = duty cycle. 


V, AMPUTUDE CONTROLS Ir 
Vg AMPLITUDE CONTROLS di/dt 


Ly=SELFINDUCTANCE OFR, 71 ea 
+Lioop ts > 0 
Vy as 
TI Ry 10 
— 
; Pity Fa 
itr: 
for aaa] ~<it3 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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RURG3070CC, RURG3080CC, RURG3090CC, RURG30100CC 


Typical Performance Curves 
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CURRENT Q 


R<0.1Q L=40mH Iyax=1A 
Wavi = 1/2U? [Vavi(Vavi - Ypp)] 


Q; & Qo ARE 1000V MOSFETS L 
Q; R +O 
Vpp 
; 130Q 
y | | DUT 
yn , PS | 
a CURRENT 
130Q “4 SENSE 
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\|-*—_—-+4 | 9g 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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BHARRIS RURG30120CC 


December 1993 30A, 1200V Ultrafast Dual Diode 
Features Package 
¢ Ultrafast with Soft Recovery..............seeee0% <110ns JEDEC STYLE TO-247 
TOP VIEW 
¢ Operating Temperature ............0.cceceenees +175°C 
e Reverse Voltage Up To ......... 2. ce cece ence ences 1200V 
CATHODE 
¢ Avalanche Energy Rated (BOTTOM SIDE $$ ANODE 1 
METAL) 7 
e¢ Planar Construction p> CATHODE 
Applications ANODE 2 


¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Symbol 
Description 


The RURG30120CC (49031) is an ultrafast dual diode with soft 
recovery characteristic (tga < 110ns). It has low forward voltage 
drop and is silicon nitride passivated ion-implanted epitaxial planar 
construction. 


This device is intended for use as a freewheeling/clamping diode 
and rectifier in a variety of switching power supplies and other 
power switching applications. Its low stored charge and ultrafast 
recovery with soft recovery characteristic minimize ringing and 
electrical noise in many power switching circuits, reducing power 
loss in the switching transistors. 


The RURG30120CC is supplied in the JEDEC Style TO-247 plastic 
package. 


Absolute Maximum Ratings (T, = +25°C), Uniess Otherwise Specified 


(Tg = +110°C) 
(Square Wave, 20kHz) 


(Halfwave, 1 phase, 60Hz) 


Al A2 
RURG30120CC UNITS 
Peak Repetitive Reverse Voltage: iiciiiss tte ead da wre eee da Se RUA ewa ale aaa oa. Varo 1200 V 
Working Peak Reverse Voltage sc .cs. secs wees os eee Wee nae ees cee eae OE Re eee Cue wa ee Vawa 1200 V 
DG Blocking VONAGG is. cwaitwrs cance curs cost Re we GUE eRe ei ete et ew Seen esses Vr 1200 V 
Average Rectified Forward Current (Per Leg)... 1... cece eee eee tree tenn eens lF(av) 30 A 
Repetitive Peak Surge Curent. csiiies conde vad sees ned was Orlow se Sede «owe eik a Sle 6G wie OK aes lesm 60 A 
Nonrepetitive Peak Surge: CUM iiss os ich ic5:s0/ areriec wr ig. axa-aracke nyc te wo cetn ithicew ww Win ath Gaye arta ee bine lesm 300 A 
Maximum: Power Dissipation: ccss2.04 steseeun os ewe scene eis eoele cto tee eeeee Ae ee Somes Pp 125 W 
Avalanche: Energy (Lk =40MF) weiss ce haw aea Oe uee eae adie i danas ecteals ee eee aia s Wavi 30 mj 
Operating and Storage Temperature ..... 0... ccc eee cece rere rece eee e nent een eneee Tsta, Ty -65 to +175 °C 


Copyright © Harris Corporation 1993 
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File Number 3400.1 


Specifications RURG30120CC 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


V 
V 


= 1200V, Tc = +150°C 


30A, To = +150°C 


ine 
R 
Ip = 1A, 


a a 
a 
ae Iz = 30A, dI-/dt= 100A/us 

a 
a 
DEFINITIONS 


Ve = Instantaneous forward voltage (pw = 300ps, D = 2%). 
lg = Instantaneous reverse current. 


tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy, to projected zero crossing of I_y based on a straight line from peak Ipy through 25% of lay (See Figure 2). 
ReJjc = Thermal resistance junction to case. 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS Ir +V3 - if 
V2 AMPLITUDE CONTROLS di/dt potoes % Qa 
L, = SELF INDUCTANCE OF R, 1 tp z ce u O 
+Lioop t>0 Ps QO 
lL; t es 
+V4 7 —1 < _A(MIN) = s 
0 . q Rg 10 Q 

i Pit, a 

i 
ime ts 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 


6-29 


RURG30120CC 


Typical Performance Curves 


FORWARD CURRENT (Ip) 
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FORWARD VDLTABE (Vp) - VDLTS 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


TIME (t) 


| 
FDRWARD CURRENT CIg) - APS 
FIGURE 5. TYPICAL tap, ta AND tg CURVES vs FORWARD 
CURRENT 


Imax = 1A 
L = 40mH 


R < 0.10 


Wav = 1/2L!? [Vavi/(Vavi - Vpp)] 


Q, & Q. ARE 1000V MOSFETs 


aE ha 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


REVERSE CURRENT (Ip) - uAMPS 
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REVERSE VOLTAGE (Vp) - VDLTS 


FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
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CASE TEMPERATURE - (Tp) - °C 
FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 


FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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cas HARRIS PRURH1570CC, RURH1580CC 
vomeee***“ RURH1590CC, RURH15100CC 


December 1993 15A, 700V - 1000V Ultrafast Dual Diodes 
Features Package 
¢ Ultrafast with Soft Recovery................ <100ns JEDEC TO-218AC 
TOP VIEW 
¢ Operating Temperature..................6: +175°C 
e Reverse Voltage Up to..............-.-.008- 1000V 
e Avalanche Energy Rated eANGSS — Ce —+ nove 


e Planar Construction ————— CATHODE 


Applications ———————_~SCOANODE2 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose 


Description Symbol 


RURH1570CC, RURH1580CC, RURHIS590CC and K 
RURH15100CC are ultrafast dual diodes with soft recovery 

characteristics (tap < 100ns). They have low forward voltage 

drop and are silicon nitride passivated ion-implanted epitax- 

ial planar construction. 


These devices are intended for use as freewheel/clamping 

diode and rectifiers in a variety of switching power supplies Al A2 
and other power switching applications. Their low stored 

charge and ultrafast recovery with soft recovery characteris- 

tic minimizes ringing and electrical noise in many power 

switching circuits reducing power loss in the switching tran- 

sistors. 


All devices are supplied in the JEDEC TO-218AC package. 


ULTRAFAST 
DUAL DIODES 


Absolute Maximum Ratings (Tc, = +25°C) Unless Otherwise Specified 
RURH1570CC RURH1580CC RURH1590CC RURH15100CC 


Peak Repetitive Reverse Voltage. ............... 0c ewer Var 700V 800V 900V 1000V 
Working Peak Reverse Voltage ........... eee eee eee Veawe 700V 800V 900V 1000V 
DC Blocking: VOlag Gs sa.5 os oes Korda ae ceed Sew we Ve 700V 800V 900V 1000V 
Average Rectified Forward Current (Per Leg) .............- lF(AV) 15A 15A 15A 15A 
(To = +141.25°C) | 
Repetitive Peak Surge Current..... 0.0.0.0... ce ee eee eee lERM 30A 30A 30A 30A 
(Square Wave 20kHZ) 
Nonrepetitive Peak Surge Current.............. 0c eee eee lEsM 200A 200A 200A 200A 
(Halfwave, 1 phase 60Hz) 
Maximum Power Dissipation ..... 0... 0... cece e ee ee ee eee Pp 100W 100W 100W 100W 
Operating and Storage Temperature .................. Tstq, Ty -65°C to +175°C -65°C to +175°C -65°C to +175°C -65°C to +175°C 
Copyright © Harris Corporation 1993 File Number 2934.1 
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Specifications RURH1570CC, RURH1580CC, RURH1590CC, RURH15100CC 


Electrical Specifications T, = +25°C, Unless Otherwise Specified. 


TEST | 
SYMBOL | CONDITION 


Ve TT. 


LIMITS 


nm] = o 
Offa Ol 


| + 
~J 


_— 
io) 
© 


~] 
fatal] fpr efqePep yd 
oO 
~{ 
S | a — a = = S$ ; 7 
= SIS] 5/1 5/5] 5/515 < < 4 
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ou oS 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lz = Instantaneous reverse current. 
tap = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of t, + tg. 
t, = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipy, to projected zero crossing of !py based on a straight line from peak lay through 25% of Inv (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Way. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I- +V3 
Vo AMPLITUDE CONTROLS di/dt R, < te>st 
L, = SELF INDUCTANCE OF R, 1< ‘ A(MAX) 
+ p 2> tar 
tg >0 
Ly . taquiny 
Rg 10 


| VM (REC) “00 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. DEFINITIONS OF trp, ta AND tg 


6-32 


RURH1570CC, RURH1580CC, RURH1590CC, RURH15100CC 


Typical Performance Curves 
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Vr, FORWARD VOLTAGE DROP (V) 


FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 
CHARACTERISTIC 


t, RECOVERY TIMES (ns) 


Ip, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tap, t, AND tg CURVES vs FORWARD 
CURRENT 
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FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 
CHARACTERISTIC 


SQUARE WAVE 


ir(avG)» AVERAGE FORWARD CURRENT (A) 
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Tc, CASE TEMPERATURE (°C) 


FIGURE 6. TYPICAL CURRENT DERATING CURVE vs CASE 
TEMPERATURE 
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ULTRAFAST 
DUAL DIODES 


Q; R +0 
Vpp 
<< 130Q 
iy i] | = DUT 
12V 2 
iw i! | CURRENT 
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i | : Vop 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 8. CURRENT VOLTAGE WAVEFORM 


ILpeak = 1A, L = 40mH, R < 0.10, Way, = ("/2) LI7[Vayi(Vavi - Vop)] 
Q1 AND Q2 ARE 1000V MOSFETs 
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tt 


SEMIC 


December 1993 


Features 


¢ Ultrafast Recovery Time (tap < 35ns) 


= T—] 


ONDUCTOR 


MUR1610CT 
MUR1615CT, MUR1620CT 


16A, 100V - 200V Ultrafast Dual Diodes 


Package 


JEDEC TO-220AB 
TOP VIEW 


e Low Forward Voltage 

e Low Thermal Resistance 

e Hard Glass Passivation 

¢ Wire-Bonded Construction 


Applications 

e General Purpose 

¢ Power Switching Circuits to 100kHz 
e Full-Wave Rectification 


Description 


The MUR1610CT, MUR1615CT, MUR1620CT are low for- 
ward voltage drop ultrafast rectifiers (tay < 35ns). They use a 
glass passivated ion-implanted, epitaxial construction. 


These devices are intended for use as output rectifiers and 


flywheel diodies in a variety of high frequency pulse width c 

modulated and switching regulators. Their low stored charge 

and attendant fast reverse recovery behavior minimize elec- 

trical noise generation and in many circuits markedly reduce 

the turn-on dissipation of the associated power switching 

transistors. 

All are supplied in JEDEC TO-220AB plastic packages. at 

Absolute Maximum Ratings (1, = +25°C), Unless Otherwise Specified. 

MUR1610CT MUR1615CT MUR1620CT 

Peak Repetitive Reverse Voltage... ...... 0... cece eee eee eee Varo 100V 150V 200V 

Working Peak Reverse Voltage .......... 2... cee eee eee eens Vawm 100V 150V 200V 

DC Blocking VONAQC: ces. oc idee eenieeee eis eee his ee eas Vr 100V 150V 200V 

Average Rectified Forward Current (Per Leg) ................008- lF(av) 8A 8A 8A 
(Total device, (rated V_), To = +150°C.. kee ce eee ee 16A 16A 16A 

Peak Forward Repetitive Current (Per Diode Leg).................. IFAM 16A 16A 16A 
(Rated Va, square wave 20KHZ) To = +150°C 

Nonrepetitive Peak Surge Current. ......... 0. cece ee eee eee eee lEsu 100A 100A 100A 
(Surge applied at rated load condition halfwave 1 phase 60Hz) 

Operating and Storage Temperature .............-...--.0200- Tstg, Ty -65°C to+175°C. = -65°C to +175°C )3— -65°C to +175°C 

Maximum Lead Temperature During Soldering...............0.000- Ty 260°C 260°C 260°C 


(At distance > '/,” (3.17mm) from case for 10s max) 


CATHODE 
(FLANGE) 


Symbol 


Copyright © Harris Corporation 1993 
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Specifications MUR1610CT, MUR1615CT, MUR1620CT 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 


LIMITS 
MUR1610CT MUR1615CT MUR1620CT 
TEST 
CONDITION | UN | 


ITS 
V 


N 
on 
So 


eer 


onde ade IS ee 


1. dip/dt = 50A/us 
2. Ip =1.0A, lrec = 0.25A. 


ULTRAFAST 
DUAL DIODES 
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MUR1610CT, MUR1615CT 


MUR1610CT, MUR1615CT, MUR1620CT 


Typical Performance Curves 
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(No Heatsink) 


—— ROJA = 16°C/W 
se ROJA = 60°C/W 


80 100 120 140 160 180 200 


Ve, FORWARD VOLTAGE (V) 


FIGURE 1. TYPICAL FORWARD VOLTAGE (PER LEG) 
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FIGURE 4. CURRENT DERATING, AMBIENT (PER LEG) 
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MUR1610CT, MUR1615CT, MUR1620CT 


Typical Performance Curves (Continued) 
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In, REVERSE VOLTAGE (V) 


device in the voltage grouping. Typical reverse current 
FIGURE 7. TYPICAL REVERSE CURRENT (PER LEG) 


for lower voltage selections can be estimated from 
these same curves if Vp is sufficiently below rated V__ 
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The curves shown are typical for the highest voltage 


fo | 
aS Sac aoe 288 


(MA) NOLLVdISSIO H3MOd SDVHaAV ‘Fd 


MCE RTE 
PCN 


ef 8 8 S&S FF F B os a =o os oo  “S 


(vy) LNSYYND GYVMHOS “41 


Tc, CASE TEMPERATURE (°C) 
FIGURE 8. CURRENT DERATING, vs CASE TEMPERATURE 
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MUR1610CT, MUR1615CT, MUR1620CT 


Typical Performance Curves (Continued) 
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FIGURE 12. TYPICAL CAPACITANCE (PER LEG) 
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Zesciy = H(t) Rec 


D curves apply for power 7 


pulse train shown 
read time at T, 


Hi FRFRI MUR3010PT, RURH1510CC 
Go MARIS MUR3015PT, RURH1515CC 


MUR3020PT, RURH1520CC 


December 1993 15A, 100V - 200V Ultrafast Dual Diodes 
Features Package 
e Ultrafast with Soft Recovery Characteristic JEDEC TO-218AC 
(tar < 30ns) TOP VIEW 


¢ +175°C Rated Junction Temperature 


e Reverse Voltage Up to 200V 


CATHODE 


e Avalanche Energy Rated (FLANGE) 


Applications 
¢ Switching Power Supply 


¢ Power Switching Circuits 


¢ General Purpose 


Description 


MUR3010PT, MURS015PT, MUR3020PT and 
RURH1510CC, RURH1515CC, RURH1520CC are ultrafast | Symbol 
dual diodes (tara < 30ns) with soft recovery characteristics 
(ta/tg = 1). They have a low forward voltage drop and are of 
planar, silicon nitride passivated, ion-implanted, epitaxial 


construction. K 
These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching power 
supplies and other power switching applications. Their low 7) 
stored charge and ultrafast recovery with soft recovery char- ” ra 
acteristics minimizes ringing and electrical noise in many < Oo 
power switching circuits thus reducing power loss in the At AZ Za 
switching transistor. Kaz 

= 
All are supplied in JEDEC TO-218AC packages. "a 
Absolute Maximum Ratings (Tc. = +25°C) 

MUR3010PT MUR3015PT MUR3020PT 
RURH1510CC RURH1515CC RUR1520CC 
Peak Repetitive Reverse Voltage. ......... ccc cece eee cee eee eee Varo 100V 150V 200V 
Working Peak Reverse Voltage .... 02... . ee ee ec eee eee eee eee Vawe 100V 150V 200V 
DC Blocking Voltage. 2.002 ka hs ia et eh eed eee ad wae es oases Vr 100V 150V 200V 
Average Rectified Forward Current ........ 0. ccc eee cece cece eee lE(Av) 15A 15A 15A 
(Total device forward current at rated Vp and Tg = 150°C) 
Peak Forward Repetitive Current ............ 2. cc eee eee eee eens lcFRM 30A 30A 30A 
(Rated Vp, square wave 20kKHZ) 
Nonrepetitive Peak Surge Current... 0... ... cece ccc eee ences lesm 200A 200A 200A 
(Surge applied at rated load condition halfwave 1phase 60Hz) 
Operating and Storage Temperature ............ 0. cece ee eee Tsta, Ty -55°C to+175°C = -55°C to +175°C ~3—s_- -55°C to +175°C 
Copyright © Harris Corporation 1993 FileNumber 2775.3 
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MUR3010PT, MUR3015PT, MUR3020PT, RURH1510CC, RURH1515CC, RURH1520CC 


_ Electrical Specifications Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


| | | LIMITS i 
a rest _| MURS010PT, RURH1510CC MUR3015PT, RURH1515CC | MUR3020PT, RURH1520CC | 
SYMBOL | 
VE 
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1.05 


st [ote 
+ Hl + 
a” | 2 
oO 16 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
Ip = Instantaneous reverse current. 
tar = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of I_y based on a straight line from peak Ipy through 25% of Ip (See Figure 2). 
Regjc = Thermal resistance junction to case. 
Wavi = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 


D = duty cycle. 
V, AMPLITUDE CONTROLS Ir +V3 
V2 AMPLITUDE CONTROLS di/dt R te >5t 
L, = SELF INDUCTANCE OF Ry, 1 ts ‘ gone 
+Vy Ly. tain 
, | | R, 10 
0 ‘ ‘ te 
ath: Ried 


Vam (REC) eneescecescunoven 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. DEFINITIONS OF tap, ta AND tg 
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MUR3010PT, MUR3015PT, MUR3020PT, RURH1510CC, RURH1515CC, RURH1520CC 


Typical Performance Curves 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. CURRENT VOLTAGE WAVEFORM 


I. peak = 1A, L = 40mH, R < 0.1W, Way, = 1/2LI? [Vayi(Vavi - Vop)] 
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FARRIS 


SEMICONDUCTOR 


ap 


December 1993 


Features 


¢ Ultrafast with Soft Recovery Characteristic 
(tar < 55ns) 


e +175°C Rated Junction Temperature 
¢ Reverse Voltage Up to 600V 
¢ Avalanche Energy Rated 


Applications 
¢ Switching Power Supply 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


MUR30O40PT, MUR3O50PT, MUR3060PT and 
RURH1540CC, RURH1550CC, RURH1560CC are ultrafast 
dual diodes (tap < 55ns) with soft recovery characteristics 
(ta/tg = 1). They have a low forward voltage drop and are of 
planar, silicon nitride passivated, ion-implanted, epitaxial 


MUR3040PT, RURH1540CC 
MURS3O50PT, RURH1550CC 
MUR3060PT, RURH1560CC 


15A, 400V - 600V Ultrafast Dual Diodes 


Package 


JEDEC TO-218AC 
TOP VIEW 


CATHODE 


Roeser: 
(FLANGE) ANODE! 


a ANODE2 


Symbol 


construction. K 

These devices. are intended for use as energy steering/ 

clamping diodes and rectifiers in a variety of switching power 

supplies and other power switching applications. Their low 

stored charge and ultrafast recovery with soft recovery char- 

acteristics minimizes ringing and electrical noise in many 

power switching circuits thus reducing power loss in the Al A2 

switching transistor. 

All are supplied in JEDEC TO-218AC packages. 

Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified. 

MUR3040PT MUR3050PT MUR3060PT 
RURH1540CC RURH1550CC RURH1560CC 

Peak Repetitive Reverse Voltage... 1... ccc cece eee eee eens VarRM 400V 500V 600V 

Working Peak Reverse Voltage ......... cc cece cece eee e eee eees Veawa 400V 500V 600V 

DG BIOCKING: VONAGG ns pie snes sa eateseu eee etaeehe woenten Vr 400V 500V 600V 

Average Rectified Forward Current ........... 0. cece eee eee eee levy 15A 15A 15A 
(Total device forward current at rated Vp and To = + 50°C) 

Peak Forward Repetitive Current... 2... eee cee eee eee leRM 42 42 30A 
(Rated Vp, square wave 20KHz) 

Nonrepetitive Peak Surge Current .... 2.0.2.0... cece eee ee eee lEsm 200A 200A 200A 
(Surge applied at rated load condition halfwave 1phase 60Hz) 

Operating and Storage Temperature ......... ant Bavat aa wat des Tstg, Ty -55°C to+175°C = -55°C to +175°C 3=— -55°C to +175°C 


Copyright © Harris Corporation 1993 
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MUR3040PT, MUR3050PT, MUR3060PT, RURH1540CC, RURH1550CC, RURH1560CC 


Electrical Specifications Case Temperature (T,.) = +25°C, Unless Otherwise Specified. 


; LIMITS | 
— MUR3040PT, RURH1540CC | MUR3050PT, RURH1550CC | MUR3060PT, RURH1560CC | 
CONDITION 


le = 15A 
To = +150°C 
lp = 15A 
To = +25°C 
a 0 
To=+150°C Ty oo] 


= 2) 
TC = +25°C Va = 500V | 


nN 
oS 


HPP EEEEEEELL LB 


qw 


N 


fleet li ETEET | fs 
x 


Nh 


Nh 
© 


DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300ps, D = 2%). 
lg = Instantaneous reverse current. 
tar = Reverse recovery time at di-/dt = 100A/1s (See Figure 2), summation of ts + tg. 
ta = Time to reach peak reverse current at di-/dt = 100A/ys (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ip based on a straight line from peak Ipy through 25% of lp (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Wav = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS If +V3 
Vo AMPLITUDE CONTROLS di/dt R test 
L, = SELF INDUCTANCE OF Ry, 12 t : a 
+Lioop ts>0 
+Vj Ly. tain) 
| R 10 
ee 4 
fe 
imi ty 


VRM (REC) “oor -° 
FIGURE 1. tag TEST CIRCUIT FIGURE 2. DEFINITIONS OF tar, ta AND tg 
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DUAL DIODES 
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MUR3040PT, MUR3050PT, MUR3060PT, RURH1540CC, RURH1550CC, RURH1560CC 


Typical Performance Curves 
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FIGURE 8. CURRENT VOLTAGE WAVEFORM 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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HARRIS RURH3010CC 
seurcowpucto® PURH3015CC, RURH3020CC 


Gp 


December 1993 30A, 100V - 200V Ultrafast Dual Diodes 
Features Package 
e Ultrafast with Soft Recovery Characteristic JEDEC TO-218AC 
(tan < 45ns) TOP VIEW 
¢] 
e +175°C Rated Junction Temperature eieieie - ce 
¢ Reverse Voltage Up to 200V (FLANGE) — 
¢ Avalanche Energy Rated ———— SCCATHODE 


¢ Switching Power Supply 


¢ Power Switching Circuits 


¢ General Purpose Symbol 


Description K 


RURH3010CC, RURH3015CC, RURH3020CC are ultrafast 
dual diodes (tara < 45ns) with soft recovery characteristics 
(ta/tg = 1). They have a low forward voltage drop and are of 
planar, silicon nitride passivated, ion-implanted, epitaxial 
construction. 


Al A2 
These devices are intended for use as energy steering/ 


clamping diodes and rectifiers in a variety of switching power 
supplies and other power switching applications. Their low 
stored charge and ultrafast recovery with soft recovery char- 
acteristics minimizes ringing and electrical noise in many 
power switching circuits thus reducing power loss in the 
switching transistor. 


All are supplied in JEDEC TO-218AC packages. 


ULTRAFAST 
DUAL DIODES 


Absolute Maximum Ratings = (T, = +25°C), Unless Otherwise Specified. 
RURH3010CC RURH3015CC RURH3020CC 


Peak Repetitive Reverse Voltage... 2... ccc ce eee eee teens Vero 100V 150V 200V 

Working Peak Reverse Voltage .......... cece cece ce eee eee Vawn 100V 150V 200V 

DG- Blocking VONaQ6. + dias caw slate soul seve Ueda hasee due eeee eek Vr 100V 150V 200V 

Average Rectified Forward Current (Per Leg) ............. cee eee eee lF(av) 30A 30A 30A 
(Total device forward current at rated Vp and T. = +150°C) 

Peak Forward Repetitive Current. ....... 0... cee eee eee eee eee leERM 70A 70A 70A 
(Rated V_, Square Wave 20kHZ) 

Nonrepetitive Peak Surge Current... 0.2... 0... cee eee eee ee eee lESM 325A 325A 325A 
(Surge applied at rated load condition halfwave 1 phase 60Hz) 

Operating and Storage Temperature ............ 00. cece eee eee Tstq, Ty -55°C to+175°C = -55°C to +175°C )3=—s -55°C to +175°C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2773 2 
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Specifications RURH3010CC, RURH3015CC, RURH3020CC 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 


LIMITS 


RURH3010CC RURH3020CC 


TEST 
SYMBOL CONDITION 


Vp = 100V 


Vp = 150V 


> 
oa 


cee EEEEEEE ET Tf 


Nh 
> 
Lye) 
PS 


~J 
~J 
~J 


PPPEEEPEEL | fh 


chet] EEEEEEET fs 
cee EEEEEEEELT EE 


DEFINITIONS 
V_ = Instantaneous forward voltage (pw = 300s, D = 2%). 
Ip = Instantaneous reverse current. 
tar = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of t, + tg. 
t, = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of I_y based on a straight line from peak Ipy through 25% of Iny (See Figure 2). 
Rgjc = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS If +V3 
V2 AMPLITUDE CONTROLS di/dt ecsias 
Ly=SELFINDUCTANCEOFR, "! < £1 2 RAMAN) 
* Hoop t>0" 
+V4 Ly. taqan) 
Ry 10 
0 4 : a : 
i it, 
<i 
tty | 
imi<ts 


VAM (REC) “rt 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. DEFINITIONS OF tap, ta AND ty 
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RURH3010CC, RURH3015CC, RURH3020CC 


Typical Performance Curves 


l-, FORWARD CURRENT (A) 


t, RECOVERY TIMES (ns) 


100.0 


10.0 


1.0 


20.0 


Ty = +100°C 


“hl! | 


tf 


0.4 0.6 0.8 1.0 1.2 
Ve, FORWARD VOLTAGE DROP (V) 


FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 
CHARACTERISTIC 


10.0 100.0 


ip, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tgp, t, AND tg CURVES vs FORWARD 


CURRENT 


Qy L R + © 
Vpp 
1300 
DUT 
Q2 
dt- CURRENT 
130 ‘~ SENSE 
Vpp 


12V 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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Vr, REVERSE VOLTAGE (V) 
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FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 


CHARACTERISTIC 


SS hee 
- SQUARE WAVE BRAN 


IF(ava)» AVERAGE CURRENT (A) 


120 125 130 135 140 145 150 155 160 165 170 175 180 


Tc, CASE TEMPERATURE (°C) 


FIGURE 6. TYPICAL CURRENT DERATING CURVE vs CASE 


TEMPERATURE 


ULTRAFAST 
DUAL DIODES 


to ty tg 


FIGURE 8. 
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tr. 


CURRENT VOLTAGE WAVEFORM 


FARRIS 


SEMICONDUCTOR 


December 1993 


Features 


e Ultrafast with Soft Recovery Characteristic 
(tar < 55ns) 


e +175°C Rated Junction Temperature 
e Reverse Voltage Up to 600V 
e¢ Avalanche Energy Rated 


Applications 
¢ Switching Power Supply 
¢ Power Switching Circuits 


e General Purpose 


Description 


RURH3040CC, RURH3050CC, RURHS3O60CC are ultrafast 
dual diodes (tap < 55ns) with soft recovery characteristics 
(ta/tg = 1). They have a low forward voltage drop and are of 
planar, silicon nitride passivated, ion-implanted, epitaxial 
construction. 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching power 
supplies and other power switching applications. Their low 
stored charge and ultrafast recovery with soft recovery char- 
acteristics minimizes ringing and electrical noise in many 
power switching circuits thus reducing power loss in the 
switching transistor. 


All are supplied in JEDEC TO-218AC packages. 


Absolute Maximum Ratings 


Peak Repetitive Reverse Voltage... ...... ccc cece cee eee ee ee eee 
Working Peak Reverse Voltage ...... 2... ccc eee eee eee eee eee 
DG BIOCKING VONRAG Gs: 51:0: 25 cndsat ev nciecevers big: eal eas ove ok ew aes ares 


Average Rectified Forward Current (Per Leg) 
(Total device forward current at rated Vp and Tg = +150°C) 


Peak Forward Repetitive Current.......... 0... cece eee ee eee 


(Rated Vp, square wave 20kKHZ) 


Nonrepetitive Peak Surge Current... ...... 0... cece eee eee e teens 


(Surge applied at rated load condition halfwave 1 phase 60Hz) 


Operating and Storage Temperature ............. 0c eee eee es 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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RURH3040CC 


RURH3050CC, RURH3060CC 


30A, 400V - 600V Ultrafast Dual Diodes 


(To = +25°C), Uniess Otherwise Specified. 


Package 
JEDEC TO-218AC 
TOP VIEW 
CATHODE 
Qieeesseces 
(FLANGE) | ANODE1 
______ CATHODE 
—— ANODE2 
Symbol 
K 
Al A2 
RURH3040CC RURH3050CC RURH3060CC 
.- Vern 400V 500V 600V 
.» Vewe 400V 500V 600V 
.... Vp 400V 500V 600V 
3 -lEvav) 30A 30A 30A 
.-» leRM 7OA 70A 70A 
.»» lego 325A 325A 325A 
Tstqa, Ty -55°C to +175°C = -55°C to +175°C ~—_ -5 55°C to +175°C 


File Number 2772.2 


Specifications RURH3040CC, RURH3050CC, RURH3060CC 


Electrical Specifications TT, = +25°C, Unless Otherwise Specified. 
LIMITS 


le = 30A 
To = +150°C 


Vr = 600V 
Va = 400V 


on 
on 
N Gi NM 
OI at ea] © 
Ory; ® 
oy © 


APPELLEE Tf 


oo, 
© 


Ww 
oO 
are 
ie 


DEFINITIONS 
V- = Instantaneous forward voltage (pw = 300us, D = 2%). 
ly = Instantaneous reverse current. 
tar = Reverse recovery time at di-/dt = 100A/ys (See Figure 2), summation of ta + tg. 
t, = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of !py based on a straight line from peak Ipy through 25% of Ipy (See Figure 2). 
Rgjc = Thermal resistance junction to case. ; 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 

V2 AMPLITUDE CONTROLS di/dt 

L; = SELF INDUCTANCE OF Ry, 
+Lioop 


ty 2 Starmax) 
te> tar 
tg>0 

Ly tain 
Rg 10 


VAM (REC) “res 
FIGURE 2. DEFINITIONS OF tap, t, AND tg 


FIGURE 1. tan TEST CIRCUIT 
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DUAL DIODES 


Specifications RURH3040CC, RURH3050CC, RURH3060CC 


Typical Performance Curves 
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FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 
CHARACTERISTIC 
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lr, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tap, t, AND tg CURVES vs FORWARD 
CURRENT 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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Va, REVERSE VOLTAGE (V) 


FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 
CHARACTERISTIC 


lF(ava)» AVERAGE CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 6. TYPICAL CURRENT DERATING CURVE vs CASE 
TEMPERATURE 
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FIGURE 8. CURRENT VOLTAGE WAVEFORM 


om MARRIS j§ RURH3070CC, RURH3080CC 
SEMICONDUCTOR 
RURH3090CC, RURH30100CC 

December 1993 30A, 700V - 1000V Ultrafast Dual Diodes 

Features Package 

e Ultrafast with Soft Recovery..............-..0.6- <110ns JEDEC TO-218AC 

TOP VIEW 

¢ Operating Temperature ..............02eeeeeeens +175°C 

e Reverse Voltage Up to... 0... cee ee ee eee eee eee 1000V LANGE) 

e Avalanche Energy Rated 

¢ Planar Construction 

Applications 

¢ Switching Power Supplies 

e Power Switching Circuits Symbol 

¢ General Purpose 

K 

Description 

RURH3070CC, RURH3080CC, RURH3090CC and 

RURH30100CC are ultrafast dual diodes with soft recovery charac- 

teristics (tan < 110ns). They have low forward voltage drop and are 

silicon nitride passivated ion-implanted epitaxial planar construction. 

Al A2 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimizes ring- 
ing and electrical noise in many power switching circuits reducing 
power loss in the switching transistors. 


All devices are supplied in the JEDEC TO-218AC package. 


ULTRAFAST 
DUAL DIODES 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
RURH3070CC RURH3080CC RURH3090CC RURH30100CC UNITS 


Peak Repetitive Reverse Voltage. ........ 6. cece ee eee Varo 700 800 900 1000 V 

Working Peak Reverse Voltage ......... 6... cee eee eee Vawa 700 800 900 1000 V 

DC Blocking Voltage. ccs seen iv ain So ee ead eve eaes Vr 700 800 900 1000 V 

Average Rectified Forward Current (Per Leg) ............. lE(AV) 30 30 30 30 A 
(Te = +121°C) . 

Repetitive Peak Surge Current.......... 0.0.00 eee eee nee lEsm 60 60 60 60 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current ........ 0... cee eee ee eee lESM 300 300 300 300 A 
(Halfwave, 1 phase, 60Hz) 

Maximum Power Dissipation ............... cee eee ee eeee Pp 125 125 125 125 W 

Operating and Storage Temperature .................. Tstaly -65to+175 -65to0+175 -65to+175 -65to+175 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2932.1 
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Specifications RURH3070CC, RURH3080CC, RURH3090CC, RURH30100CC 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


ae RURH3070CC_ 
SYMBOL | CONDITION 


LIMITS 
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DEFINITIONS 


V_ = Instantaneous forward voltage (pw = 300ps, D = 2%). 
In = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), at di-/dt = 100A/us summation of ta + tp. 
ta = Time to reach peak reverse current at dl-/dt = 100A/ps (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ip based on a straight line from peak Ipxy through 25% of Ipy (See Figure 2). 
ReJjc = Thermal resistance junction to case. 
pw = pulse width. 
D = duty cycle. 
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V, AMPLITUDE CONTROLS Ir +V5 
V2 AMPLITUDE CONTROLS di/dt R te>st 
L, = SELF INDUCTANCE OF Rg 1 to : ear 
+Lioop hae 
+V; ty p ta(MIN) 
0 | Rg 10 


FIGURE 2. tag WAVEFORMS AND DEFINITIONS 


FIGURE 1. tan TEST CIRCUIT 
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RURH3070CC, RURH3080CC, RURH3090CC, RURH30100CC 


Typical Performance Curves 
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Imax = 1A, L=40mH, R< 0.10, Way, = 1/2LI? [Vavi(Vavi - Vpp)], Qy & Q2 ARE 1000V MOSFETS 
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~ RURM1610CC 
RURM1615CC, RURM1620CC 


16A ,100V - 200V Ultrafast Dual Diodes 


ONDUCTOR 


SEMIC 


December 1993 


Features Package 


e Ultrafast Recovery Time 
(tan < 35ns) 


JEDEC TO-204AA 
BOTTOM VIEW 


e Low Forward Voltage 


e Low Thermal Resistance 


Pianar Design 


e Wire-Bonded Construction 


Applications 

¢ General Purpose 

e Power Switching Circuits to 100kHz 
e Full-Wave Rectification 


Description 


RURM1610CC, RURM1615CC, RURM1620CC are low for- 
ward voltage drop ultrafast rectifiers (tag < 35ns). They use 
an ion-implanted planar epitaxial construction. 


These devices are intended for use as output rectifiers and 
flywheel diodies in a variety of high frequency pulse width 
modulated and switching regulators. Their low stored charge 
and attendant fast reverse recovery behavior minimize elec- 
trical noise generation and in many circuits markedly reduce 
the turn-on dissipation of the associated power switching 
transistors. 


All are supplied in JEDEC TO-204AA hermetic packages. 


Absolute Maximum Ratings 


Peak Repetitive Reverse Voltage. .... 0.2... 0. cece cece eee ee eee Varo 


Average Rectified Forward Current (Per Leg) 
Tce 425°C: (NO Heat SINK) on4.6 os calsewe dv renew oeanG eweiakes tvs 


lF(av) 
Ta = +25°C (With Heat Sink)” oocces ose cots fa beeen sake ceeds le(av) 
To BATS Cit at. ote ya RRA Ca in MRE eS eae eRe ESTE lF(aV) 
Nonrepetitive Peak Surge Current ......... 0... cece ee eee ee eee lesm 
(8.3ms, '/, cycle) 
Thermal Resistance Junction-to-Case ....... 0. cece cece eee eens Rec 
Thermal Resistance Junction-to-Case (Total) ......... 0. cs cece eeees Rasc 
Thermal Resistance Junction-to-Ambient. ........ 0... ccc cece ewes Resa 
Operating and Storage Temperature ......... 0... cece eee eee eee Tsta, Ty 
Maximum Lead Temperature During Solder ............. 00. e eee wees Th 


(At distance > '/,” (3.17mm) from case or 10s max) 


“Wakefield type 621 heat sink with convection cooling. 


Copyright © Harris Corporation 1993 
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ANODE 1 


ANODE 2 


Symbol 


(Tc = +25°C), Unless Otherwise Specified. 


RURM1610CC 
100V 


6A 
16A 
16A 


275A 


1.5°C/W 
1.2°C/W 
30°C/W 
-55°C to +150°C 
260°C 


RURM1615CC 
150V 


6A 
16A 
16A 


275A 


1.5°C/W 
1.2°CWW 
30°C/W 
-55°C to +150°C 
260°C 


CATHODE 
(FLANGE) 


RURM1620CC 
200V 


6A 
16A 
16A 


275A 


1.5°C/W 
1.2°CW 
30°C/W 
-55°C to +150°C 
260°C 


File Number 1383.2 


Specifications RURM1610CC, RURM1615CC, RURM1620CC 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 
RURM1610CC | RURMI615CC RURM1620CC 
e 


Pee [=P 


TEST 
CONDITION 


le = 16A, To = +150°C 
aa 16A, To = +25°C 


“di-/dt = 50A/ps, Ipy (rec) < 1A, Ipp = 0.25A. 
Typical Performance Curves 
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ULTRAFAST 
DUAL DIODES 
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N, NUMBER OF CYCLES AT 60Hz SINE-WAVE tp, PULSE WIDTH (msec) 


FIGURE 1. PEAK SURGE FORWARD CURRENT vs SURGE FIGURE 2. THERMAL IMPEDANCE vs PULSE WIDTH (PER 
DURATION JUNCTION) 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


VOLTAGE DROP 
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SELECTION GUIDE........ 


HYPERFAST SINGLE AND DUAL DIODE DATA SHEETS 


RHRD440, RHRD450, 
RHRD460, RHRD4408, 
RHRD450S, RHRD460S 


RHRD4120, RHRD4120S 
RHRG30120 
RHRP30120 


RHRG5070, RHRG5080, 
RHRGS5090, RHRG50100 


RHRG75120 
RHRU75120 


RHRU10040, RHRU10050, 
RHRU 10060 


RHRU100120 


RHRU15040, RHRU15050, 
RHRU15060 


RHRU15090, RHRU150100 
RHRG30120CC 


Ub srk WiaiieS a ean ate wee abe in an © as a ates Aare a ee oT ew eee os ots 7-2 
GA; 400V'= GOOV Hydetiast DIOdGS 225 wince 355s sao Sousa ee Hewes 7-5 
4A,.T200V Hypertast Diodes sii nner iee oa Ga WAS OUSS OO ead ane ees 7-9 
30A, 1200V Hyperfast Diode ........ cee ccc eee ee eee eee 7-13 
SQA, 1200V Hypertast Diode! s..-. 4 oc nd octets ahd chee see ta sen deeaeees~ 7-16 
50A, 7OOV - 1000V Hyperfast Diodes. ............ cece ee eee 7-19 
75A, 1200V Hyportast Diode: wei sen eee eee e eked beak eee eae es 7-22 
75A, 1200V Hyperfast Diode ...... 0... ccc cece ete teen nenes 7-25 
100A, 400V - 6O0V Hyperfast Diodes... cee eee ees 7-28 
AOODA, 1 200V: Hyperfast Diode «4.9 is.cos 34s oe Sate ee Re ea Pes ees SG he Se 7-31 
150A, 400V - GOOV Hyperfast Diodes......... 0... cece ee eee 7-34 
150A, 9OOV - 1000V Hyperfast Diodes. ....... 0.0... . cece ee eee 7-37 
30A, 1200V Hyperfast Dual Diode ... 0.0.0... 0. cece cee eens 7-40 


HYPERFAST 


DIODES 


Selection Guide 


HARRIS DUAL HYPERFAST RECOVERY RECTIFIER PRODUCT LINE 


1200V RHRDG30120CC 


SHADING = FUTURE PRODUCT OFFERINGS 


€-2 


BHR 


HARRIS HYPERFAST RECOVERY RECTIFIER PRODUCT LINE 


sw 
S 


SHADING = FUTURE PRODUCT OFFERINGS 


HYPERFAST 


DIODES 


SINGLE LEAD TO-218 


|RHRU10050_ | RHRU15050 
|RHRU10060 | RHRU15060 


RHRU150100 


(ponunued) PINE) UOIIBI9S 


FARRIS 


RHRD440, RHRD450, RHRD460 
vemeeen’****" RHRD440S, RHRD450S, RHRD460S 


Features Package 
e Hyperfast with Soft Recovery................ <30ns JEDEC STYLE TO-251 
¢ Operating Temperature...................- +175°C TOP VIEW 
e Reverse Voltage Up to... 2... cece eee eee eee 600V 
e Avalanche Energy Rated 
ANODE 
¢ Planar Construction CATHODE 
ac CATHODE 
Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits JEDEC STYLE TO-252 
¢ General Purpose TOP VIEW 
Description 
RHRD440, RHRD450, RHRD460, RHRD440S, RHRD450S, Aeaiace aac 
and RHRD460S (TA49055) are hyperfast diodes with soft (FLANGE) 
recovery characteristics (taa < 30ns). They have half the CATHODE 
recovery time of ultrafast diodes and are silicon nitride passi- 
vated ion-implanted epitaxial planar construction. 
These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies 
and other power switching applications. Their low stored 
charge and hyperfast soft recovery minimize ringing and elec- Symbol 
trical noise in many power switching circuits, reducing power K 
loss in the switching transistors. 
The RHRD440, RHRD450 and RHRD460 are supplied in 
the JEDEC style 2 lead TO-251 package and the 
RHRD440S, RHRD450S and RHRD460S are supplied in 
the JEDEC style 2 lead TO-252 package. A 
Due to space limitations, the brand on this part is abbreviated 
to HR440, HR450 or HR460. 
To order this part use the full part number, e.g. RHRD460. 
Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 
RHRD440 RHRD450 RHRD460 
RHRD440S RHRD450S RHRD460S UNITS 

Peak Repetitive Reverse Voltage.................. Varo 400 500 600 V 
Working Peak Reverse Voltage .................. Vawe 400 500 600 V 
DC Blocking Voltage. ..... 0... . cee eee eee eee eee Vr 400 500 600 V 
Average Rectified Forward Current ................ lF(AV) 4 4 4 A 

(Te = +1 57°C) 
Repetitive Peak Surge Current..................06: lesm 8 8 8 A 

(Square Wave, 20kKHz) 
Nonrepetitive Peak Surge Current................4- lesm 40 40 40 A 

(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation ............... 0. eee Pp 50 50 50 Ww 
Avalanche Energy (L = 40mH).............0.0000- Wav 10 10 10 mj 
Operating and Storage Temperature ............. TstaTy -65 to +175 -65 to +175 65 to+175 | °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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HYPERFAST 
DIODES 


Specifications RHRD440, RHRD450, RHRD460, RHRD440S, RHRD450S, RHRD460S 


LIMITS 


q RHRD440 | RHRD450 RHRD460 
TEST ; RHRD440S RHRD450S RHRD460S 


CONDITION 


[Va=400V [To=+25°C | 
Va=600V |To=+425°C Ca | 


ed 


wh 


v0 
Q 


ee 
| DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
I = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 7 
tg = Time from peak Ipy to projected zero crossing of Ip, based on a straight line from peak Ipy through 25% of Ipy (See Figure 2). 
Rec = Thermal resistance junction to case. 
Wav = Controlled avalanche energy (See Figures 9 and 10). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, - 4Vy 

V2 AMPLITUDE CONTROLS dif/dt R te > 5t 

L, = SELF INDUCTANCE OF R, 1 a A(MAX) 
+Lioop 2>'RR 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tan WAVEFORMS AND DEFINITIONS 
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RHRD440, RHRD450, RHRD460, RHRD440S, RHRD450S, RHRD460S 


Typical Performance Curves 
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RHRD440, RHRD450, RHRD460, RHRD440S, RHRD450S, RHRD460S 


IMAX =1A 
L=40mH 
R<01Q 
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t- CURRENT 
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TeV to ty to ts 
FIGURE 9. AVALANCHE ENERGY TEST CIRCUIT FIGURE 10. AVALANCHE CURRENT AND VOLTAGE WAVE- 
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mn Ss RHRD4120 
RAS RHRD4120S 


December 1993 4A, 1200V Hyperfast Diodes 


Features Package 


e Hyperfast with Soft Recovery................ <60ns JEDEC STYLE TO-251 
¢ Operating Temperature............... eeCas +175°C FOE NIEM 
e Reverse Voltage ............ cee rece eeeees 1200V 
e Avalanche Energy Rated ANODE 
e¢ Planar Construction CATHODE 


(FLANGE) 
CATHODE 


Applications 


¢ Switching Power Supplies 
¢ Power Switching Circuits 
¢ General Purpose 


JEDEC STYLE TO-252 
TOP VIEW 


Description 


RHRD4120 and RHRD4120S (TA49056) are hyperfast CATHODE 
diodes with soft recovery characteristics (tay < 60ns). They (FLANGE) 
have half the recovery time of ultrafast diodes and are silicon 
nitride passivated ion-implanted epitaxial planar construction. 


ANODE 


CATHODE 


These devices are intended for use as freewheeling/clamping 

diodes and rectifiers in a variety of switching power supplies 

and other power switching applications. Their low stored 

charge and hyperfast soft recovery minimize ringing and elec- | Symbol 
trical noise in many power switching circuits, reducing power 

loss in the switching transistors. 


The RHRD4120 is supplied in the JEDEC style 2 lead TO-251 
package and the RHRD4120S is supplied in the JEDEC style 2 
lead TO-252 package. 


Due to space limitations, the brand on this part is abbrevi- A 
ated to H4120. 


To order this part use the full part number, e.g. RHRD4120. 


HYPERFAST 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 


RHRD4120 
RHRD4120S UNITS 
Peak Repetitive Reverse Voltage .. 2... ence ee nee e eee eee Vara 1200 Vv 
Working Peak Reverse Voltage ....... 0c. cece cee cee tect e ete ee scene conse eees Vrwe 1200 V 
DG BIOCKING VONAGG sweet os ee ee se Sia eee as bo dah Oe et eee eae eV ee eee Ve 1200 V 
Average Rectified Forward Current ..... 0... 0. ccc ccc ce ce cee eee terete eee eeees lev) 4 A 
(To = +147.5°C) 
Repetitive Peak Surge: Current «oe sce eae 6 oe Se Wee ee No oe SS eee Seo e Ra ERS OO lesm 8 A 
(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current .. 0... ec cece cece eee e eee tec eeeee lesm 40 A 
(Halfwave, 1 phase, 60Hz) 


Maximum-Power DISSIDANOR nc oases eee o Metta tans eds aie ge we dees eaneeees Pp 50 WwW 
Avalanche Energy (L:= 40MH) 2.002 cies ti neds ee kR see dea ce eee ob eee s caw isacaws Wavt 10 mj 
Operating and Storage Temperature ...... 0... ccc ccc cee ee ete ete eeeeceeeees Tstaity -65 to +175 °C 


Copyright © Harris Corporation 1993 FileNumber 3626 
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Specifications RHRD4120, RHRD4120S 


lp = 4A, Teo = +25°C 


Ve 
P| 


DEFINITIONS 
V_ = Instantaneous forward voltage (pw = 300ps, D = 2%). 
lg = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy, to projected zero crossing of lp, based on a straight line from peak Ipy through 25% of lay (See Figure 2). 
Rec = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 9 and 10). 
pw = pulse width. 


D = duty cycle. 
V, AMPLITUDE CONTROLS Ir +V5 
Vz AMPLITUDE CONTROLS dip/dt oe 
L;=SELFINDUCTANCEOFR, 1 co 
+Lioop ae 
+Vy al ? tacMIN) 
10 
0 e a oe 
i eit, 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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RHRD4120, RHRD4120S 


Typical Performance Curves 


I, FORWARD CURRENT (A) 


15 2 25 3 
Vr, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


Tc = +25°C 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tgp, tg AND tg CURVES vs FORWARD 
CURRENT 


Tco= +1 75°C 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL tap, t, AND tg CURVES vs FORWARD 
CURRENT 
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FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


Tc = +100°C 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tap, t, AND tg CURVES vs FORWARD 
CURRENT 


HYPERFAST 
DIODES 
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FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
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RHRD4120, RHRD4120S 
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L=40mH 
R<0.12 
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a 1300 
f | DUT 
Qe 
nt 12V 
| | 4- CURRENT 
130Q “- SENSE 
Vpp 
II " 
12V to ty to | eo 
FIGURE 9. AVALANCHE ENERGY TEST CIRCUIT FIGURE 10. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 
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a cote RHRG30120 


December 1993 30A, 1200V Hyperfast Diode 
Features Package 
e Hyperfast with Soft Recovery................ <65ns JEDEC STYLE 2 LEAD TO-247 
TOP VIEW 

¢ Operating Temperature ...................... +175°C 
e Reverse Voltage... 0... cece eee eee wee 1200V CATHODE 

(BOTTOM SIDE 
e Avalanche Energy Rated METAL) 

Le 

e Planar Construction 


Applications 


e Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose Symbol 


Description 


The RHRG30120 (TA49041) is a hyperfast diode with soft 
recovery characteristics (tay < 65ns). It has half the recovery 
time of ultrafast diodes and is silicon nitride passivated ion- 
implanted epitaxial planar construction. A 


This device is intended for use as a freewheeling/clamping 
diode and rectifier in a variety of high frequency switching 
power supplies and other power switching applications. Its low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits, reducing 
power loss in the switching transistors. 


The RHRG30120 is supplied in the JEDEC style two lead, 
TO-247 package. 


Due to space limitations, the brand on this part is abbreviated 
to RH30120. 


To order this part use the full part number, i.e. RHRG30120. 


HYPERFAST 
DIODES 


Absolute Maximum Ratings (T, = +25°C) 


RHRG30120 UNITS 


Peak Repetitive Reverse Voltage... 2... ccc ccc cece eet eee tee teeter eect eenees VaRM 1200 Vv 

Working Peak Reverse Voltage s028.0 sn 6s Wace e eae See OP Re he Buea te aww RE eS Eee ewes Vrwe 1200 Vv 

DC BIOCKING VONAGE s s.6:ciewn ni Ss tals here eae ase. aa a Eeee ee ee hs Awe a aa Rea sed SEN ne Vr 1200 V 

Average Rectified Forward Current 2... 0.0... cee cc ccc cee ee cece eee eee seen eeee levav) 30 A 
(To = +78°C) 

Repetitive Peak Surge Current... 0... ccc cc ce ee re eee eee eee e ee eee eens ee eeeees leEsm 60 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current ....... 0... cece cece ccc eee ce eect tenet cence eee n neces lesm 300 A 
(Halfwave, 1Phase, 60Hz) 

Maximum: Power DISSIPAUON: 66 cc eae ia soba a ee PIES S SEAS OREN Eee ne aa eee es Pp 125 Ww 

AVAIANCNS ENGIGY. sau-c0vacieds soccer are aeahcewe eta bananas nae bietwoued. pkeau San Wavt 30 mj 
(L = 40mH) | 

Operating and Storage Temperature ...... 0... ccc ccc cece cece eee eet en ee tenees Tstgly -65to +175 °C 


> 


Copyright © Harris Corporation 1993 FileNumber 3410.1 
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Specifications RHRG30120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


_-rear conpmon im | we | wa | re 
SO EO 


30A, die/dt = 100A/ps 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current. 
trp = Reverse recovery time (See Figure 2), summation of t, + ts. 
t, = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ipy based on a straight line from peak Ipy through 25% of Ipy (See Figure 2). 
Rgjc = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 


D = duty cycle. 
V, AMPLITUDE CONTROLS If +V3 
V2 AMPLITUDE CONTROLS di/dt ee 
Ly=SELFINDUCTANCE OFR, 1 1 aN 
+Lioop 2? FR 
ts >0 
+V4 Lt. taquiny 
| R 10 
om = ‘ 
i it, Hx 
roth: 
; 
i= 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRG30120 


Typical Performance Curves 
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FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
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Pop Ar RHRP30120 


December 1993 30A, 1200V Hyperfast Diode 
Features Package 
e Hyperfast with Soft Recovery................ <65ns JEDEC TO-220AC 
TOP VIEW 
¢ Operating Temperature................ 22 -4175°C | 
e Reverse Voltage... ....... sce cece ncee anaes 1200V | CATHODE 
(FLANGE) | 
e Avalanche Energy Rated | 
e Planar Construction 


Applications 

¢ Switching Power Supplies 
¢ Power Switching Circuits 
° General Purpose Symbol 


Description 


The RHRP30120 (TA49041) is a hyperfast diode with soft 
recovery characteristics (tara < 65ns).It has half the recovery 
time of ultrafast diodes and is silicon nitride passivated ion- 
implanted epitaxial planar construction. A 


This device is intended for use as a freewheeling/clamping 
diode and rectifier in a variety of high frequency switching 
power supplies and other power switching applications. Its low 
stored charge and hyperfast soft recovery minimize ringing and 
electrical noise in many power switching circuits, reducing 
power loss in the switching transistors. 


The RHRP30120 is supplied in the JEDEC two lead, TO-220 
package. 


Due to space limitations, the brand on this part is abbreviated 
to H30120. 


To order this part use the full part number, i.e. RHRP30120. 


Absolute Maximum Ratings = (T, = +25°C) 


RHRP30120 UNITS 
Peak Repetitive Reverse Voltage... 1... ccc ccc ccc rec eer c ect e ence etme ren sen ese nereneene VarM 1200 V 
Working Peak Reverse Voltage .. 2... 0... ce ence ener eee etree eet e ee eeneees Vawe 1200 V 
DG BIOGKING NONAQGs vienitics Kan ede echwie ie wae eea neds Me ealewe tone xcume see naeeate hears Va 1200 V 
Average Rectified Forward Current 2.0.0.0... ccc ccc ccc eee ene cece eee e neces eee een eeees A 
(To = +78°C) 
Repetitive Peak Surge Current... 0... ccc cee eee cee eee eee eee weet eee nes enenes lesm 60 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 2. ....2 ce cise ieee eee eebeeeceseeoveeeesabesuaeeerene lesm 300 A 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power DISSIDALON: oth cela a he taenn Masse iad tte Scanner desea een Sea Eo Gas eee Pp 125 WwW 
Avalanche Eneroy (l= :40M) ova idee eck hee ee desea a hase aoa dewS ee ee oo oe eee SRONS Wav 30 mj 
Operating and Storage Temperature ..... 6. lc cece cece eee cence eset eeecenees Tsta:ty  ~65to +175 °C 


levav) 30 


> 
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Specifications RHRP30120 


Electrical Specifications T,. = +25°C, Unless Otherwise Specified 


TEST CONDITION 


DEFINITIONS 


Ve = Instantaneous forward voltage (pw = 300ps, D = 2%). 
lk = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ipy based on a straight line from peak Ipy through 25% of Ip (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Wavi = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS Ir +V3 

V, AMPLITUDE CONTROLS di/dt ss iee 5 
L, = SELF INDUCTANCE OF Ry 1 . = A(MAX) wv 
+Lioop 27 RR Lu Ww 
tg>0 oc Q 
4V Li _ tain) Lu O 
1 ne ee a5 

| | Rg 10 ~~ 

—_ . I zo 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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RHRP30120 


Typical Performance Curves 


FORWARD CURRENT (Ie) - AMPS 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 
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10 
FORWARD CURRENT (Ie) - AMPS 


FIGURE 5. TYPICAL tap, ta AND tg CURVES vs FORWARD 
CURRENT 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


- uwAMPS 


REVERSE CURRENT (Ip) 


400 
REVERSE VOLTAGE (Vp) - 


600 800 


VOLTS 


1000 1200 


1R49041 


FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
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FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPE 
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FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
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FARRIS 


SEMICONDUCTOR 


aD 


December 1993 
Features 
¢ Hyperfast with Soft Recovery................ <75ns 
¢ Operating Temperature ...............02085 +175°C 
e Reverse Voltage Up to..............cceeeees 1000V 


e Avalanche Energy Rated 
e Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose Sy mbol 

Description 

RHRG5070, RHRG5080, RHRG5090 and RHRG50100 

(TA49066) are hyperfast diodes with soft recovery character- 

istics (tag < 75ns). They have half the recovery time of 

ultrafast diodes and are silicon nitride passivated ion- 

implanted epitaxial planar construction. 

These devices are intended for use as freewheeling/clamping 

diodes and rectifiers in a variety of switching power supplies 

and other power switching applications. Their low stored 

charge and hyperfast soft recovery minimize ringing and elec- 

trical noise in many power switching circuits reducing power 

loss in the switching transistors. 

All devices supplied in the JEDEC style two lead TO-247 

package. 

Due to space limitations, the brand on the RHRG50100 part 

is abbreviated to HRG50100. , 

To order this part use the full part number, i.e. RHRG50100. 

Absolute Maximum Ratings (T, = +25°C) 

RHRG5070 RHRG5080 

Peak Repetitive Reverse Voltage.......... Varm 700V 800V 

Working Peak Reverse Voltage ........... Vawn 700V 800V 

DC Blocking Voltage. ............. eee eeee Va 700V 800V 

Average Rectified Forward Current ......... levayy 5S0A SOA 
(T. = +60°C) 

Repetitive Peak Surge Current............. les 100A 100A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current.......... lesm 500A 500A 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation ............... Pp 150W 150W 

Avalanche Energy ..........esseeeeeces Wav 40mj 40mj 
(L = 40mH) 

Operating and Storage Temp........... Tsta,Ty 65°C to+175°C -65°C to+175°C 


Copyright © Harris Corporation 1993 


RHRG5070, RHRG5080 


RHRG5090, RHRG50100 


50A, 700V - 1000V Hyperfast Diodes 


Package 


JEDEC STYLE 2 LEAD TO-247 
TOP VIEW 


CATHODE 
(BOTTOM SIDE 
METAL) 
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RHRG5090 
900V 
900V 
900V 

50A 


100A 
500A 


150W 
40mj 


-65°C to+175°C 


HYPERFAST 
DIODES 


RHRG50100 
1000V 
1000V 
1000V 

50A 


100A 
500A 


150W 
40mj 


65°C to+175°C 


File Number 31 06.1 


Specifications RHRG5070, RHRG5080, RHRG5090, RHRG501 00 


Electrical Specifications (T; = +25°C), Unless Otherwise Specified 


Gc 
ow [ve [wax wn [rer [wax wn [ro [wa wn [ve [wa 
rot | feo] -[- [eo] -|- fof 


TEST 
CONDITION 


-=50A |Top =+150°C 


faneov [Teneo 
=O [Te Fe 
i 00" [Tere 
pata aoa Nn 
p= a= OR 
= t= OR 
=O a= OR 
ee 


DEFINITIONS 

Ve = Instantaneous forward voltage (pw = 300ps, D = 2%). 
ln = Instantaneous reverse current. 

tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). | 
tg = Time from peak Ipy to projected zero crossing of Ipy based on a straight line from peak Ipy through 25% of lau (See Figure 2). 

Rejc = Thermal resistance junction to case. 

pw = pulse width. 

D = duty cycle. 
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V, AMPLITUDE CONTROLS I¢ 
V2 AMPLITUDE CONTROLS dli,/dt 
Ly = SELF INDUCTANCE OF 


Rq+Lioop 


ty 2 Sta(MAx) 
ta>tRR 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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RHRG5070, RHRG5080, RHRG5090, RHRG50100 


Typical Performance Curves 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT. 
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FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


IF(avy» AVERAGE FORWARD CURRENT (A) 


25 50 75 100 125 150 175 
Tc, CASE TEMPERATURE (°C) 


to t; to t—_ 


FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 


HARRIS RHRG75120 


December 1993 75A, 1200V Hyperfast Diode 
Features Package 
e Hyperfast with Soft Recovery. ...........eee5 <85ns JEDEC STYLE 2 LEAD TO-247 
TOP VIEW 
e Operating Temperature ...........eeeeeeees +175°C 
e Reverse Voltage ........--.ccencecncnccneas 1200V CATHODE — 
(BOTTOM SIDE Le? ANODE 
e Avalanche Energy Rated METAL) 
L__ 


e Planar Construction 


ee __) CATHODE 


Applications 


¢ Switching Power Supplies 
e Power Switching Circuits 


¢ General Purpose Symbol 
s as K 

Description 

The RHRG75120 (TA49042) is a hyperfast diode with soft 

recovery characteristics (tar < 85ns). It has half the recovery 

time of ultrafast diodes and is silicon nitride passivated ion- 

implanted epitaxial planar construction. A 

This device is intended for use as a freewheeling/clamping 

diode and rectifier in a variety of high frequency switching 

power supplies and other power switching applications. Its 

low stored charge and hyperfast soft recovery characteristic 

minimize ringing and electrical noise in many power switch- 

ing circuits reducing power loss in the switching transistors. 

The RHRG75120 is supplied in the JEDEC style two lead 

TO-247 package. 

Due to space limitations, the brand on this part is abbrevi- 

ated to HG75120. 

To order this part use the full part number, i.e. RHRG75120. 

Absolute Maximum Ratings (T, = +25°C) 

RHRG75120 UNITS 

Peak Repetitive Reverse Voltage... 6... ccc cece eee ee reece erent eee ee teens VaRM 1200 | V 

Working Peak Reverse Voltage .... 0... ccc cece eee eee eee tenet te eee ee ee nese eee Vawe 1200 V 

OG Blocking Voltage 26.65 iii. « Miadt.caee duhameaasekaGi new Gives even Meioae aan Meee eu: Va 1200 V 

Average Rectified Forward Current 2.0... 0... ccc cc cect eee entree eee eee tense eee eneee lF(av) 75 A 
(To = +41.3°C) 

Repetitive Peak Surge Current. isc. sees 6 es ch be ee 8 oie nee esha eae ede Oeee eect we lesm 150 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surde Current... 6. se caw wets esse e nw cin eee ee eee ewan ee ew Oe dae ey Oae lesm 500 A 
(Halfwave, 1 Phase, 60Hz) 

Maximuny Pow6t DISSIDANON 4 s.c7s2 254i a bok eana et ates eau eos eA ieee teveua deseo \ Pp 190 W 

Avalanche ENnotays ct e5.0 ses e ea iia Get are eee Se crete Sha bea ee Ve eualiaea sea eareude a Wav 50 mj 
(L = 40mH) 

Operating and Storage Temperature 0.1... ccc cece cece eee renee ee eee e eee eeneee Tsta,ly  -65to +175 °C 
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Specifications RHRG75120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


TEST CONDITION 


Ip = 75A, di-/dt = 100A/us 
I; = 75A, di-/dt = 100A/us 
| 1p =75A, dip/dt = 100A/us 


DEFINITIONS 


V- = Instantaneous forward voltage (pw = 300ps, D = 2%). 
lg = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
= Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy, to projected zero crossing of Ipy based on a straight line from peak Ipy through 25% of Ipy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Wavi = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS Ir 


V2 AMPLITUDE CONTROLS di/dt R i Sst 
L, = SELF INDUCTANCE OF Ry, 1 1 = 9°A(MAX) — 
+Lioop te>trr YD wy 
tg3>0 < i 
Ly _ tacmin ra 
+V1 ba 4 ‘ ) i 8 
0 ] L a= 
> to aE- xr 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRG75120 


Typical Performance Curves 
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VOLTAGE DROP 


- mB 


TIME ¢t) 


AVERAGE FORWARD CURRENT - (Ip¢AV)) - AMPS 
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FORWARD cuRnene (Ie) - AMPS Nace tas CASE TEMPERATURE - ¢ Te) - OC 1D490426 
FIGURE 5. TYPICAL tar, tg AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT 
IMAX =1A 
L=40mH 
R<010 
Wave = 1/2? [VaviAVavi - Vo)! 
Q, & Qo ARE 1000V MOSFETs Q, L R 4d 
Vpp 
4 1302 
f IH \ DUT 
fn soy 2 
| g¢- CURRENT 
1300 | ‘SENSE 
Vpp 
til | -q 
12V : — ! to ty to t—> 
FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
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Gp HARRIS RHRU75120 


December 1993 75A, 1200V Hyperfast Diode 
Features Package 
¢ Hyperfast with Soft Recovery................ <85ns JEDEC STYLE SINGLE LEAD TO-218 
e Operating Temperature.................0.. +175°C a 
e Reverse Voltage... ...... cece cece cece en eeee 1200V CATHODE 
(FLANGE) 


e Avalanche Energy Rated 
| ANODE 


¢ Planar Construction 


Applications 

e Switching Power Supplies 

¢ Power Switching Circuits 

¢ General Purpose Symbol 


Description 


The RHRU75120 (TA49042) is a hyperfast diode with soft 
recovery characteristics (tar < 85ns). It has half the recovery 
time of ultrafast diodes and is silicon nitride passivated ion- 
implanted epitaxial planar construction. A 


This device is intended for use as a freewheeling/clamping 
diode and rectifier in a variety of high frequency switching 
power supplies and other power switching applications. Its 
low stored charge and hyperfast soft recovery minimize ring- 
ing and electrical noise in many power switching circuits 
reducing power loss in the switching transistors. 


The RHRU75120 is supplied in the JEDEC style single lead 
TO-218 package. 


Due to space limitations, the brand on this part is abbrevi- 
ated to HU75120. 


To order this part use the full part number, i.e. RHRU75120. 


HYPERFAST 
DIODES 


Absolute Maximum Ratings (T, = +25°C) 


| RHRU75120 UNITS 
Peak Repetitive Reverse Voltage... 2... ccc ce ccc cc ce eee re ee eect eee erect eeenees VRRM 1200 V 
Working Peak Reverse Vollage s cect ccweeie eee ene oes coun e nk denin stn Gendeere see sictey VRWM 1200 
DU Blecking Volldgensistact iste sibs cases oteusnw bees cance acts eitaus wees kasacae eames VR 1200 
Average Rectified Forward Current ........ ccc cece cece rnc renee een e cere cree esse eeeeene lE(AV) 75 
(To = +46°C) 
Repetitive Peak Surge CUNEM is cscceiwee vetoes eins nee eesw ae ewan den sas letsiwe hee eens lESM 150 A 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current... 0.2... . cc ccc cc cee cee ee cece eee e eee eee e scene lEsm 500 A 
(Halfwave, 1Phase, 60Hz) 
Maximuni Powel: DISSipalion jasies nae tessa eed Sas Hane aed eee Ws eRe sed tas bees Eeinees Po 190 W 
Avalanche ENGlOy asc svc tecincs naar ideale ewe emda sew SstdboN Mow Wedeaes Vaecguben es Wav 50 mj 
(L = 40mH) 
Operating and Storage Temperature... 0... cc ccc tcc cet e ccc eee e cee cee renee eee eeeeas Tsta@,ty  -65to +175 °C 


><c 
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Specifications RHRU75120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


LIMITS 
UNITS 


TEST CONDITION 


Vr = 1200V 


Ip = 75A, dip/dt = 100A/ps 
lp = 75A, di-/dt = 100A/us | 
= TBA, dfst= 100A 


Rec 


aa | pela ioms 


DEFINITIONS 


V- = Instantaneous forward voltage (pw = 300ps, D = 2%). 
lq = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current at (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of ipy based on a straight line from peak Ipy through 25% of Ipy (See Figure 2). 
Rgjc = Thermal resistance junction to case. 
Wavi = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I- 
V2 AMPLITUDE CONTROLS dif/dt 


L;=SELFINDUCTANCEOFR, 1 Ne Sta(MAX) 
2>tRR 
+Lioop tg >0 
Li _ tAa(MIN) 
R, * 10 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tp; WAVEFORMS AND DEFINITIONS 
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RHRU75120 


Typical Performance Curves 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
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RHRU10040 


RHRU10050, RHRU10060 


December 1993 100A, 400V - 600V Hyperfast Diodes 

Features Package 

e Hyperfast with Soft Recovery................ <50ns JEDEC STYLE SINGLE LEAD TO-218 

¢ Operating Temperature...............0000. +175°C TOP VIEW 

e Reverse Voltage Up to... 2.2... cence cc cn cnee 600V pete 

e Avalanche Energy Rated (FLANGE) 

e Planar Construction ANODE 

Applications 

¢ Switching Power Supplies 

¢ Power Switching Circuits 

¢ General Purpose 

Symbol 

Description K 

RHRU10040, RHRU10050 and RHRU10060 (TA49069) are 

hyperfast diodes with soft recovery characteristics (taa < 50ns). 

They have half the recovery time of ultrafast diodes and are sili- 

con nitride passivated ion-implanted epitaxial planar construc- 

tion. | A 

These devices are intended for use as freewheeling/clamping 

diodes and rectifiers in a variety of switching power supplies and 

other power switching applications. Their low stored charge and 

hyperfast soft recovery minimize ringing and electrical noise in 

many power switching circuits, reducing power loss in the switch- 

ing transistors. | 

All devices are supplied in the JEDEC style single lead TO-218 

package. | 

Due to space limitations, the brand on this part is abbreviated to 

HRU10040, HRU10050 or HRU10060. 

To order this part use the full part number, e.g. RHRU 10040. 

Absolute Maximum Ratings (T, = +25°C) | 

RHRU10040 RHRU10050 RHRU10060 UNITS 

Peak Repetitive Reverse Voltage.................. VarM 400 500 600 Vv 

Working Peak Reverse Voltage ...............65. VawM 400 500 600 V 

DC Blocking Voltage. ..... cece cece eee eee Ve 400 500 600 V 

Average Rectified Forward Current ................ le(av) 100 100 100 A 
(To = +60.8°C) 

Repetitive Peak Surge Current...............00-0005 lesm 200 200 200 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current.................. lesm 1000 1000 1000 A 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation ..............00 cee eee Pp 210 210 210 W 

Avalanche Energy ..........cee ec ee recone eeenee Wavi 50 50 50 mj 
(L = 40mH) | | 

Operating and Storage Temperature ............. Tsta Ty -65 to +175 -65 to +175 -65 to +175 °C 


File Number 3572.1 


Specifications RHRU10040, RHRU10050, RHRU10060 


Electrical Specifications 1. = +25°C, Unless Otherwise Specified 


SYMBOL 


TEST 


conorton [aw [ove [wax | wm [re [wat 
Tee pet 
a fev eres] Par Pp 
vee | pm] | 
wesw +t | -|-{-|-1* 
weeny | | ---t 
Vasa freoveoo] — | |e] -|-|— 
assy frenneoe] — | | -|-|— | 
CE 
ie [ustwaverevooms [| °]-|-| a 
Ti esa oreo |e fp 
Tu fester aaaascoms | [=] fla] — 
SCs 
Tae [LP fe [oe 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300s, D = 2%). 
lp = Instantaneous reverse current. 
es = Reverse recovery time (See Figure 2), summation of t, + tg. 
= Time to reach peak reverse current (See Figure 2). 
= Time from peak Ipy to projected zero crossing of Ipy based on a straight line from peak Ipy through 25% Of Inu (See Figure 2). 
7 jc = Thermal resistance junction to case. 
Wavt = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


D 
<i 
V, AMPLITUDE CONTROLS If +V3 ra 
V2 AMPLITUDE CONTROLS di/dt so ui O 
L;=SELFINDUCTANCEOFR, 1 Ae aa > 
+Lioop ts a r 
10 
0 ‘ ‘ os * 
i eit He 
i ty: 
at eon tg 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRU10040, RHRU10050, RHRU10060 


Typical Performance Curves 
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one RHRU100120 


December 1993 100A, 1200V Hyperfast Diode 
Features Package 
e Hyperfast with Soft Recovery................ <90ns JEDEC STYLE SINGLE LEAD TO-218 
¢ Operating Temperature...................- +175°C TN 
e Reverse Voltage Up To ...........- 2022s eees 1200V CATHODE 
(FLANGE) 


e Avalanche Energy Rated ANODE 


e Planar Construction 


Applications 

¢ Switching Power Supplies 

¢ Power Switching Circuits 

¢ General Purpose Symbol 


Description 


The RHRU100120 (TA49070) is a hyperfast diode with soft 
recovery characteristics (tar < 9Ons). It has half the recovery 
time of ultrafast diodes and is silicon nitride passivated ion- 
implanted epitaxial planar construction. A 


This device is intended for use as a freewheeling/clamping 
diode and rectifier in a variety of switching power supplies 
and other power switching applications. Its low stored charge 
and hyperfast soft recovery minimize ringing and electrical 
noise in many power switching circuits reducing power loss 
in the switching transistors. 


The RHRU100120 is supplied in the JEDEC style single lead 
TO-218 package. 


Due to space limitations, the brand on this part is abbrevi- 
ated to HR100120. 


To order this part use the full part number, i.e. RHRU100120. 


HYPERFAST 
DIODES 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 


RHRU100120 UNITS 
Peak Repetitive Reverse Voltage... 1... cc ccc cee ee cee eee cetera eee eee neee Varm 1200 V 
Working Peak Reverse Voltage iiss ie ses piece wk Sie a were S We we ea ne OWE, Wie be Ww ale dae ww we eee ce Vrwa 1200 V 
DC Blocking Voltages c.2 oa os Gack ma hae san Soran ep Eee Cem eva aa hwae eee ee ddl Cieeaas Vr 1200 V 
Average Rectified Forward Current. ...... 0... cece cece ce eee erect eee cette eee eaten eeees levy 100 A 
(To = +62 55°C) 
Repetitive Peak Surge CUneN .s.0.6s sen seos es sehr i awk oe pwede Sen Rekaw ss oeemewanes lESM 200 A 
(Square Wave, 20kHz) 
Nonrepsiitive Peak Surge Current a iiecé oe cs ce ese care Sarin y Ware aie 6s w 6 dia G0 Se eiea ew aww wales lESM 1000 A 
(Halfwave, 1 Phase, 60Hz) 
Maximum: Power Dissipation: sexe oe oinitee Kod RSS Shwe ee yee OLS V5.5 Ae e~ Sal eee Sarees Pp 300 W 
Avalanche Enetay (= 40MR) os ssceviccii se cieece sens aus tha teaiey Mi oieees tae eus dees Wavr 50 mj 
Operating and Storage Temperature ....... ccc ce cece eee eee eee eee e tees Tsta@.ly -65 to +175 °C 
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Specifications RHRU100120 


Electrical Specifications T, =+25°C, Unless Otherwise Specified 


TEST CONDITION 


VR = 1200V | To= = +25°C 
Va= = 1200V To= +150°C 


Ip = 1A, di-/dt = 100A/1s 
le = 100A, dl-/dt = 100A/us 


| le = 100A, dl-/dt = 100A/is 


= 100A, di-/dt = 100A/pus 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lg = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tp. 
ta = Time to reach peak reverse current (See Figure 2). 
= Time from peak Ipy to projected zero crossing of Ipy, based on a straight line from peak Ipy through 25% of Ipy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 


D = duty cycie. 
V, AMPLITUDE CONTROLS I; +V3 
V2 AMPLITUDE CONTROLS dig/dt t, 25t 
Ly=SELFINDUCTANCE OFR, 1 nate ous, 
+Lioop *e > o" 
a, Ly tain) 
0 J ; Le 
i elt, He 
: ty: 
Siim<t, 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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RHRU100120 


Typical Performance Curves 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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it 


December 1993 


Features 


Hyperfast with Soft Recovery 


¢ Operating Temperature 


Reverse Voltage up to 


Avalanche Energy Rated 


Planar Construction 


Applications 
: Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose 


Description 


RHRU15040, RHRU15050 and RHRU15060 (TA49071) 
are hyperfast diodes with soft recovery characteristics 
(tan < 6Ons). They have half the recovery time of ultrafast 
diodes and are silicon nitride passivated ion-implanted 
epitaxial planar construction. 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits, reduc- 
ing power loss in the switching transistors. 


All devices supplied in the JEDEC style single lead TO-218 
package. 


Due to space limitations, the brand on this part is abbrevi- 
ated to RHR15040, RHR15050, or RHR15060. 


To order this part use the full part number, e.g. RHRU15040. 


Absolute Maximum Ratings = (T, = +25°C) 
Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Volages 2 ccvawrs ee eel ai alae pate eae cee 
Average Rectified Forward Current 
(To = +72°C) 
Repetitive Peak Surge Current 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation .............. ccc cece eee eee eeee 
Avalanche Energy. acidic ed ce bee Shb Mees ce ae es Iwas 
(L = 40mH) 
Operating and Storage Temperature 


Ce 
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RHRU15040 


RHRU15050, RHRU15060 


150A, 400V - 600V Hyperfast Diodes 


Package 


JEDEC STYLE SINGLE LEAD TO-218 
TOP VIEW 


CATHODE 
(FLANGE) 


ANODE 


Symbol 


RHRU15040 
400V 
400V 
400V 
150A 


RHRU15050 
500V 
500V 
500V 
150A 


RHRU15060 
600V 
600V 
600V 
150A 

300A 


300A 300A 


1500A 1500A 1500A 


375W 
50mj 


375W 
50mj 


375W 
50mj 


65°C to +175°C -65°C to +175°C -~65°C to +175°C 


File Number 3089.1 


Specifications RHRU15040, RHRU15050, RHRU15060 


Electrical Specifications (1, = +25°C), Unless Otherwise Specified 


RHRU15040 LIMITS RHRU15050 LIMITS RHRU15060 LIMITS 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 


I; = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ipyy, based on a straight line from peak Ipy through 25% of Iny (See Figure 2). 
Rec = Thermal resistance junction to case. 
pw = pulse width. 


D = duty cycle. 
= 
2 
u. Ud 
Vy AMPLITUDE CONTROLS Ir +V5 ce 
V2 AMPLITUDE CONTROLS dl,/dt ives ae 
Ly = SELF INDUCTANCE OF 1 Pe i ace 5 a 
Ra + Loop ‘ > RR <= 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tan WAVEFORMS AND DEFINITIONS 
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RHRU15040, RHRU15050, RHRU15060 


Typical Performance Curves 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
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FIGURE 8. AVALANCHE CURRENT AND VOLTAGE 
WAVEFORMS 
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December 1993 
Features 
e Hyperfast with Soft Recovery.............ceeeeeee <90ns 
e Operating Temperature ............ cece eee eeces +175°C 
e Reverse Voltage Up To ..... 2... cee eee w cece eeeee 1000V 


e Avalanche Energy Rated 


e Planar Construction 


Applications 
e Switching Power Supplies 
e Power Switching Circuits 


¢ General Purpose 


Description 


RHRU15090 and RHRU150100 (TA49072) are hyperfast diodes 
with soft recovery characteristics (tan < 9Ons). They have half the 
recovery time of ultrafast diodes and are silicon nitride passivated 
ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
hyperfast soft recovery minimize ringing and electrical noise in 
many power switching circuits reducing power loss in the switching 
transistors. 


All devices supplied in the JEDEC style single lead TO-218 pack- 
age. 


Due to space limitations, the brand on this part is abbreviated to 
RHR15090 or HR150100. 


To order this part use the full part number, e.g. RHRU150100 


RHRU15090 
RHRU150100 


150A, 900V - 1000V Hyperfast Diodes 


Package 


JEDEC STYLE SINGLE LEAD TO-218 
TOP VIEW 


CATHODE 
(FLANGE) 


ANODE 


Absolute Maximum Ratings (T, = +25°C), Unless Otherwise Specified 


Peak Repetitive Reverse Voltage... 0.0... ccc ccc cc cere eee eens 

Working Peak Reverse Voltage .......... 0.2 cece eee e eer eee e cence 

DC Blocking Voliage:.cs c.)..2 sae se phew su ete sc eelebeee sas teeteeee 

Average Rectified Forward Current ............. ccc eee e cece e eee enes 
(Te = +42°C) 

Repetitive Peak Surge Current. ....... 0... cece ce cee ete ee en ene 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current .. 0.0... .. ce ccc cee eee eee e eee 
(Halfwave, 1 phase, 60Hz) 

Maximum Power Dissipation ......... 0... cece cee eee ee et eee ees 

Avalanche Energy (L = 40MH)..... 2... ccc eee ccc eee eee eee teens 

Operating and Storage Temperature ....... 0... cc cece cece ee eee eee ees 
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Symbol 
K 
A 
RHRU15090 RHRU150100 UNITS 

- -VaRM 900 1000 Vv 
- Vawm 900 1000 Vv 
2. VR 900 1000 Vv 
+ Teyay) 150 150 A 
ee -lesm 300 300 A 
- + lesm 1500 1500 A 
Sau p 375 375 Ww 
ae Wave 50 50 mj 
Tsta:Ty  -65 to +175 -65 to +175 Ye 


File Number 3589.1 


HYPERFAST 
DIODES 


Specifications RHRU15090, RHRU150100 


LIMITS 


RHRU15090 RHRU150100 


TEST CONDITION 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 
MIN ve max [MIN 
ee ao ee ee 
Me i= 150ATo=+150° fs TT 
0 SA eo 
Va=1000v,To=v25c | | | 
Va=900V,To=+ts0c | | | | | 80 
ee wi rae ee 
| ees ee ee 

Ess dee Os 
| ae ee ae ae 
a ae eo ae 

ee ee ae 


Ip = 1A, dI,/dt = 100A/s 
Ie = 150A, di-/dt = 100A/is 
l- = 150A, dI-/dt = 100A/us 
tg Ie = 150A, di-/dt = 100A/us 
ee 
DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300ps, D = 2%). 
I; = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of tq + tg. 
= Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ip based on a straight line from peak Ipy through 25% of I_y (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Wav = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V; AMPLITUDE CONTROLS Ir 
V2 AMPLITUDE CONTROLS dip/dt_ 
Ly=SELFINDUCTANCEOFR, "1 < 


+LLoop 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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RHRU15090, RHRU150100 


Typical Performance Curves 


500 3000 Se 


3 ee earenenaneereeceeeeed 
8 SETAE, REND ID CTE LP rea ED 
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3 5 40 
= (Se) a a 
s z 
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3 ul 1.0 
ire uJ 
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a Ss sees ee ee ee 
1 0.01 * 
0 OF 10 15 20 25 30 385 4 Sah pe ee ae a06 
Vr, FORWARD VOLTAGE (V) Vpa, REVERSE VOLTAGE (V) 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE DROP VOLTAGE 
120 mos 
| < 
= 
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eT ee 
a 4 
eC TTT] og 
ee ie = 
é aa é 
z ae 2 
W 
© Oo 
4 
we < 
: 3 
20 < 
z 
ate 
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Ir, FORWARD CURRENT (A) Tc, CASE TEMPERATURE (°C) is 
FIGURE 5. TYPICAL tap, ta AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES < “A 
CURRENT La 
cc 
ui Q 
IMAX =1A S= QO 
L = 40mH fe 
R<0.10 


Wav = 1/2L!? [VaviAVave - Voo)] 


Q; & Qy ARE 1000V MOSFETs Q, L R id 
1 Vpp 
. 1300 | 
f | J DUT 
it , : sav 
F , 4 | CURRENT 
: , 1302 SENSE 
| . : Vop 
\|-+— x 
| 12V . . 7 = 
FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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HARRIS j§§ RHRG30120CC 


December 1993 30A, 1200V Hyperfast Dual Diode 
Features | Package 
¢ Hyperfast with Soft Recovery................ <65ns JEDEC STYLE TO-247 
TOP VIEW 
¢ Operating Temperature .............-00008: +#175°C 
CATHODE 
e Reverse Voltage... 2... cece ween e cece ec enee 1200V (BOTTOM SIDE Misses 
e Avalanche Energy Rated METAL) 


|_» | >: CATHODE 


_______ ANODE 2 


e Planar Construction 


Applications 

¢ Switching Power Supplies 

¢ Power Switching Circuits 

¢ General Purpose Symbol 


Description 


The RHRG30120CC (TA49041) is a hyperfast dual diode 
with soft recovery characteristics (tar < 65ns). It has half the 
recovery time of ultrafast diodes and is silicon nitride passi- 
vated ion-implanted epitaxial planar construction. Ai A2 


This device is intended for use as a freewheeling/clamping 
diode and rectifier in a variety of high frequency switching 
power supplies and other power switching applications. Its 
low stored charge and hyperfast soft recovery minimize ring- 
ing and electrical noise in many power switching circuits, 
reducing power loss in the switching transistors. 


The RHRG30120CC is supplied in the JEDEC style TO-247 
package. 


Due to space limitations, the brand on this part is abbreviated to 
H30120CC. 


To order this part use the full part number, i.e. RHRG30120CC. 


Absolute Maximum Ratings (T, = +25°C) 


RHRG30120CC UNITS 
Peak Repetitive Reverse Voltage iiss 6.5 6d ced ick inee ou enw belie OP eee tees wie eo 0a'e G0 ew bac erus Vere 1200 V 
Working Peak Reverse Voltage .. 0... cc ccc ccc cet eee eee e eee eee eee eee eee eee seen tenes Vawm 1200 V 
DC BlOCKing VolAge. sei save sci aet eee uainutae as ecee ee SeeU rr etuwseamesw eis a aer Vea 1200 V 
Average Rectified Forward Current (Per Leg)...... cde epldasea tiga caceats eas eis: Sen get eae le lE(AV) 30 V 
(Tc = +78°C) 
Repetitive Peak Surge Current (Per Leg)... 2... ccc ccc cee ce eect eee eee t eee ne neeees lesm 60 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current (Per Leg)... 0... ec cee ccc ce cere e ee eee tee e ee eeees lesn 300 V 
(Halfwave, 1 Phase, 60Hz) 
Maximuty Power Dissipation .«<2ssudoreece wert a itis eae gceadee wees pemene in waawsasieuas Pp 125 W 
AVAIANCNE ENO Gok nissan ete sates Vue we 1 eee ee eee ee bade nee netaN Ge ee etee Laois Wave 30 mj 
(L = 40mH) , 
Operating and Storage Temperature ....... ccc ccc cece eee e eee eee e eee ceeeeeeaes Tstg:ly  -65to +175 °C 


< 


Copyright © Harris Corporation 1993 File Number 3 41 | | 


7-40 


Specifications RHRG30120CC 


Electrical Specifications (PerLeg) Tc = +25°C, Unless Otherwise Specified 


LIMITS 
SYMBOL TEST CONDITION 


oe UNTTS 


lc = 30A, di-/dt = 100A/ps 
Ic = 30A, dl-/dt = 100A/ps 
DEFINITIONS 


Vr = Instantaneous forward voltage (pw = 300ps, D = 2%). 
lq = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
= Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of py, based on a straight line from peak Ipy through 25% of I_y (See Figure 2). 
Regjc = Thermal resistance junction to case. 
Wav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


a0 Wan, ott= 10 


V, AMPLITUDE CONTROLS I¢ +V3 

V2 AMPLITUDE CONTROLS di/dt pies 

Ly = SELF INDUCTANCE OF Ry, 1 7 ica 

+Lioop eso 
+Vy uy Z tA(MIN) 
| | 10 
O = . a 

i a to ac 


FIGURE 1. tag TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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HYPERFAST 
DIODES 


RHRG30120CC 


Typical Performance Curves 


eed 


FORWARD CURRENT (Ie) - AMPS 
REVERSE CURRENT (Ip) - uAMPS 


I 
| 


1 4 
6.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 0 200 400 600 800 1000 1200 


FORWARD VOLTAGE (V_) - VOLTS ela REVERSE VOLTAGE (Vp) - VDLTS ieee 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
VOLTAGE DROP 


TIME (t) - nes 


AVERAGE FORWARO CURRENT - (Ip¢AV)) - AMPS 


10 75 100 125 
FORWARD CURRENT (Ie) - AMPS CASE TEMPERATURE - <Trp) - C 


TRR4804! POW40041 
FIGURE 5. TYPICAL tgp, tg AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT 
IMAX =1A 
L = 40mH 
R<0.1Q 
Wave = 1/2LI? [VaviAVavi - Voo)] , 
Q, & Q2 ARE 1000V MOSFETs L- Rd 
Vpp 
“4 1302 
f : 1 . DUT 
tay % 
Ai 
| vas ¢¢- CURRENT 
: > 1300. | t- SENSE 
Vpp 
it -O 
12V 
to ty to ae: ae 
FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 


7-42 


INTRODUCTION TO THE MCT USER’S GUIDE... 1.0... ce ee nee te een nnes 
MCT DGSCripliol< uaus onic ee naw ate ae ae keh eeu ae eae Cow a ed eS Ds be eA Oe ee a es 


MCT Equivalent Circuit Model$:...¢ <5 c0 sisien ease eae ek aod ewtaw 6. ce ehews dae aes Chi ee haw esee Ceeean Wan 


Characteristics 
Gate Circuits . 


Applications. . 


2 


eee ee see eee se ee se we wo ew wm HrmhU OCU OM OD MMO ese see esse ese eeeeeeseeeeaeeeveseeereeseseeeseeeeteseeeeeesese « 


Comparison On MCT AngiGBt tes fcc oe ea pets ieee a ee sd sew dian ewe bantieee ew Bees 
Outlook, Whats Anead:tor MC's <cc6.2 icarecaiergea yee Si eus hale ds Sue ese eee se See $2eh Sane wede ede 
MCT Reference List and Bibliography... .. 0... 0... ccc cece eee eee t ee eee nese eneees 
APPLICATION NOTES 


AN7244.2 
AN7254.1 
AN7260.2 
AN7332.1 
AN8602. 1 
AN8603.2 
AN9318 
AN9319 
AN9320 


Understanding Power MOSFETS ........... ccc cece cee eee ete eee tenet eect eeaees 
Switching Waveforms of the L?FET: A 5 Volt Gate-Drive Power MOSFET ................-. 
Power MOSFET Switching Waveforms: A New Insight ................ 0c cece cece eee ewes 
The Application of Conductivity-Modulated Field-Effect Transistors ............ 0.0 ce ee eee 
The IGBTs - A New High Conductance MOS-Gated Device. ......... 0.0.0... ccc ee eee 
Improved IGBTs With Fast Switching Speed And High-Current Capability................... 
Insulated-Gate Transistors Simplify AC-Motor Speed Control......... 0... 00 ccc ccc e eee eee 
Parallel Operation of insulated Gate Transistors... 0.0... cc cee eee eee nee eee 


Parallel Operation of Semiconductor Switches ........ 0.0... cc ccc eect c cee eevee ee eees 


APPLICATION 


Introduction to the MCT User’s Guide 


Opportunities for continued progress in Power Delivery and Control Systems were 
never more evident than today. The efficient and elegant use of energy commands the 
attention of conservationists, political leaders, technologists, indeed, all those 
concerned with continued improvement in the human condition concurrent with respect 
for their world’s environment. Power Electronics is an enabling technology that offers 
newly attractive solutions to many diverse applications of electric power. And progress 
in Power Electronics is paced by progress in the Semiconductor Components available 
as Power Switches. 


A new Power Semiconductor Device, the MOS Controlled Thyristor, the MCT, is now 
available for commercial use. This is a significant benchmark in the progress of Power 
Electronics. 


The MCT is a truly different product. It has its own set of characteristics. Some of these 
characteristics bear resemblance to the older thyristors, SCRs and GTOs. Yet the 
merger of modern MOS design and processing features with the older double injection 
bipolar structures results in a new device, with new characteristics and capabilities. 


This manual is offered in the desire to facilitate the introduction of this new product. It 
will introduce the user to the new MCT technology. Our desire is to make available to 
the reader the experience of others; as it exists, and as it develops. It is our hope that 
the MCT will be properly applied and will be a rewarding experience for its users. 


This introduction is an opportunity to recognize the contributions of Dr. Vic Temple and 
his associates at the Schenectady R&D Center, who are the developers of this new 
technology. 


Research and Development support, first from the Electric Power Research Institute 
(EPRI) and NASA, followed by US Government Agency support through Wright 
Patterson AFB, DARPA, U.S. Navy (DTRC) and the U.S. Army Labcom, Electronics 
Technology and Devices Laboratory at Ft. Monmouth has been instrumental in MCT 
development. Some of these programs were co-funded by SDIO. The foresight and 
fortitude of the individuals who guide these agencies are to be acknowledged. 


In closing, we at Harris Semiconductor wish you every success in your use of MCT’s. 
We are committed to serve you, our customer. 


i HARRIS 


SEMICONDUCTOR 
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APPLICATION 


NOTES 


MCT Description 


2.0 MCT*‘s, a New Class of Power Devices 
2.0.1 Background 


MOS Controlled Thyristors are a new class of power semi- 
conductor devices that combine thyristor current and voltage 
capability with MOS gated turn-on and turn-off. Various sub- 
classes of MCTs can be made: P-type or N-type, symmetric 
or asymmetric blocking, one or two-sided Off-FET gate con- 
trol, and various turn-on alternatives including direct turn-on 
with light. All of these sub-classes have one thing in com- 
mon; turn-off is accomplished by turning on a highly interdig- 
itated Off-FET to short out one or both of the thyristor’s 
emitter-base junctions. This users guide focuses on the first 
product introduced by Harris, a P-type asymmetric blocking, 
MOS gated MCT. 


2.0.2 Description 


Figure 2.0.1 shows the basic elements of the MCT that Har- 
ris is now producing. On the left is a representative cross 
section of one cell of the device that is repeated 10’s of thou- 
sands of times to make a device that can turn off 120A at 
+150°C junction temperature. On the right is an equivalent 
circuit based on the well-known two transistor model of the 
thyristor. In the P-MCT a P-channel On-FET is turned on 


TYPICAL CELL CIRCUIT SCHEMATIC 
CROSS SECTION FOR P-MCT 
SOURCE 

: ANODE 
OFF-FET 
0.0.0, Sie9:0:9:0:64 ; eR a ee ‘ 
r , 
gragar’ “, é 
§ ad 
4: ft 
OFF-FET CHANNEL rs , a 
god 
ON-FET CHANNEL 4 
‘ 
, ON-FET 
a 
LOWER BASE WIDE 
BASE 
LOWER BASE BUFFER NPN 
LOWER EMITTER 
CATHODE 


FIGURE 2.0.1 CROSSSECTION OF MCT CELL SHOWING 


TURN-ON AND TURN-OFF FETs 


with a negative voltage which charges up the base of the 
lower transistor to latch on the MCT. The MCT turns on 
simultaneously over the entire device area giving the MCT 
excellent di/dt capability. Figure 2.0.2 compares different 
600V power switching devices for 2.0.3 conduction drop. 


Figure 2.0.3 shows measured device comparisons which are 
typical of the conduction drop advantage of the MCT. Here, a 
1000V P-MCT is shown with an IGBT die similarly packaged 
and of the same voltage rating. Note that the MCT typically 
has 10 to 15 times the current at the same forward drop. 


2.0.4 Turn Off 


The MCT will remain in the on-state until current is reversed 
(like a normal thyristor) or until the Off-FET is activated by a 
positive gate voltage. Obviously, the higher the Off-FET gate 
voltage and the denser the Off-FET channels, the more cur- 
rent can be shorted across the emitter-base junction to effect 
turn-off. It is clear that successful turn-off requires all cells to 
turn off at the same time to prevent current from crowding. 
This imposes gate risetime constraints that are discussed 
later. 
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FIGURE 2.0.2 COMPARISON OF 600V DEVICES, WITH <tus 
TURN-OFF TIME CAPABILITY, NEGLECTING 
PACKAGE RESISTANCE. 
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MCT Description 


VERTICAL 
SOA/DIV 


HORIZONTAL 
500mV/DIV 


GATE 
10V 


CURRENT (AMPERES) 


0 FORWARD DROP (VOLTS) 5 


fi | | 
Ff | VERTICAL 
g a ae 10A/DIV 
4 HORIZONTAL 
= 200mV/DIV 
% a ee 
: |_| | Gate 
E Tr ] 
—t 
fe se 9 
0 FORWARD DROP (VOLTS) - 2 


FIGURE 2.0.3 CURVE TRACER FORWARD DROP COMPARISON OF 1000V P-MCT AND N-IGBT AT +150°C 


2.1 The MCT Advantages 
2.1.1 Turn-On and On-State: 


MCTs, are superior devices in terms of conduction drop, 
surge current and di/dt capability. MCTs of similar blocking 
voltages, thyristors or GTOs can have lower forward drop, 
owing to the MCTs reduced cell size (compared to the GTO) 
and lack of emitter shorts (compared to the thyristor). 


2.1.2 Off-State: 


MCTs can be made over a broad range of voltages from 
100V to 8KV to 10KV. MCTs can be made symmetric or 
asymmetric blocking. 


High dv/dt capability is provided in the MCT when the junc- 
tion charging current is diverted around the Base-Emitter 
junction of the PNP transistor through the low impedance of 
the Off-FET. 


Leakage current is also diverted through the Off-FET, provid- 
ing excellent high temperature voltage blocking capability. 
For instance, under laboratory conditions, MCTs have been 
operated turning off 80A at +300°C, withstanding dv/dt’s of 
10KV/is at +250°C and surviving 100 hours of blocking life 
testing at +235°C junction temperatures. For these reasons 
it is recommended that the gate on bias be maintained con- 
tinuously. 


2.1.3 Turn Off: 


The MCT provides a turn off capability, through gate control. 
Conventional SCRs can not be turned off by the gate. The 
insulated gate structure of the MCT allows turn off of the 
principle current with much less drive energy than GTO - 
SCRs. 


2.1.4 Temperature Capability: 


The thyristor structure and the thyristor alleviating the usual 
voltage and current stress of the typical MOSFET elements 
of the power FET or IGBT. The FET element helps the thyris- 
tor withstand self-turn-on. The Off-FET elements see little 


stress, since in the MCT structure, they are not active durn- 
ing blocking and conduction. The Off-FET conducts only dur- 
ing turn-off transitions. The FET elements neither conduct 
the principal current, nor are they exposed to the mode with- 
out blocking voltage. 


What is the MCTs temperature limit? Obviously, in the case 
of Harris’ first commercial offering, it is now the package and 
the temperature to which we have taken sufficient reliability 
data. Ultimately, however, it is thermal runaway associated 
with leakage current, perhaps as high as +250°C in the 600 
to 1000V range and +275°C in the 100V to 300V range. 


2.2 WhyaP-MCT With Its P-Power 
Device Limitations? 


From the above discussion it would seem that there would 
be few circuit niches above 100 volts or 200 volts which 
would not be best served with an MCT. That indeed should 
be the case once Harris is able to market a full line of 
MCTs - especially N-MCTs. However, our first MCT products 
are P-type, i.e., they have a blocking voltage region that is 
P-type with inherently higher gain and with inherently lower 
SOA than in an N-type device. 


The reason for this choice lies in the fact that the current 
density that can be turned off is 2 to 3 times higher if the Off- 
FETs are n-channel. To have a peak turn-off capability con- 
sistent with the MCTs high RMS current rating we decided 
that having n-channel Off-FET’s was more important than 
the 30% higher SOA and 2 times lower switching loss that 
we would get (and have measured) in an N-MCT. 


We still retain the low forward drop, good di/dt and dv/dt and 
good voltage and temperature capability but have sacrificed 
some usefulness, particularly in high frequency, hard 
switched circuits where SOA and switching losses are criti- 
cal. Even in those circuits a snubber will allow one to use the 
P-MCT but at increased cost. 


APPLICATION 
NOTES 


MCT Description 


2.2.1 Where Should I Consider Using a P-MCT? 


In any circuit dominated by conduction loss our first genera- 
tion P-MCT can result in half the losses and use half the 
active silicon area - i.e., a smaller device and higher effi- 
ciency. In replacing a GTO or BUT it also offers the consider- 
able advantage of MOS gate control. Even in hard switched 
circuits, at frequencies of several KHz and below, the P-MCT 
may be a good choice despite the possible need of a snub- 
ber circuit of some sort to keep the P-MCT within its turn-off 
SOA. In most instances, the MCTs high di/dt and good hard 
turn-on capability allows one to use a snubber consisting of 
a capacitor alone, somewhat reducing snubber cost and 
simplifying the circuit. 


in Sections 5 and Section 6 P-MCTs are discussed in 1) 
hard switched, 2) soft switched, 3) SCR-like, 4) symmetric 
blocking and 5) complementary device circuits. 


2.2.2 Where Should I Not Use a P-MCT? 


As can be seen from the device ratings section, the P-MCTs 
SOA is rated at half the device’s breakdown voltage rather 
than at the 80% typical of an n-type power device. If your cir- 
cuit requires hard switched inductive turn-off above the SOA 
level and a snubber is not cost effective then you cannot use 
a P-MCT. Further, if your switching losses now. are equiva- 
lent to your conduction losses you may gain very little. For 
example, consider replacing an IGBT of 50W conduction 
loss and 30W switching loss with a generation 1 P-MCT. 
One could rightly expect to find that the P-MCT would have 
<25W conduction loss but nearly 60W of switching loss. 
Adding the appropriate snubber would put the switching loss 
elsewhere which would have the cost advantage of allowing 
the use of an MCT of half the size of the IGBT. That still 
might not be the right answer to your circuit. 


2.3 Future MCT Developments 


Although this material is covered later in more depth, it is 
appropriate to describe the kind of MCT devices that can be 
expected to be developed and produced by Harris and other 
semiconductor manufacturers. 


This would first include more voltage ratings - first 
asymmetric MCTs down to perhaps as low as 200V and as 
high as 1600V. Later, high voltage MCTs will be available for 
what are now typically thyristor and GTO circuits. (See 
Reference 2.) 


P-MCTs will also improve in switching capability in both SOA 
and turn-off time, bettering N-IGBTs in speed and turn-off 
loss and being at less of a disadvantage in hard switched 
SOA. 


N-MCTs will begin to become available but with about half 
the peak turn-off current capability of P-MCTs. However, 
both P-MCTs and N-MCTs will be improving in that charac- 
teristic as improved process capability allows denser Off- 
FET channel structure. 


As_ with other FET-containing devices higher current 
switches will be produced in the form of modules, usually 
including diodes, and sometimes including some degree of 
intelligence. Our experience is that MCTs (up to 12 have 
been paralleled at Harris Power R&D) can be successfully 
paralleled if done carefully. As with IGBTs this is best done 
by the manufacturer. 


The timetable for 
resources. 


these developments depends on 


2.4 References 


[1] V. Temple, “Power Device Evolution and the MOS-Con- 
trolled Thyristor’, PCIM, November, 1987, pp 23-29. 


[2] V.A.K. Temple, S.D. Arthur et al., “Megawatt MOS Con- 
trolled Thyristor for High Voltage Power Circuits” PESC 
92 Proceedings, pp 1018-1025 (Toledo, Spain, June 29 - 
July 3, 1992) 
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MCT Equivalent Circuit Models 


3.0 Introduction 


The new Harris P-MCT is a high power and high speed 
switching device that is useful in many applications. In our 
user’s guide we have included several models that can be 
used to investigate whether the generation 1 600V P-MCT 
that is Harris’ first commercial MCT is appropriate for your 
application. As other products are announced it is hoped that 
the data sheets will include, for example, SPICE model 
parameters. In addition to SPICE model parameters we have 
included other physically based models that may be useful 
and in some cases more accurate. 


3.1 SPICE Modelling of MCTs 
3.1.0 Introduction 


SPICE parameter extraction of the MCT device is not an 
easy job, because the MCT integrates the four layers of a 
PNPN thyristor with NMOSFET and PMOSFET elements in 
a single device. The SPICE program has no model for a 
PNPN device, so either a three-diode model or a two-transis- 
tor bipolar model must be used for the vertical PNPN struc- 
tures. In general, the three-diode model is a device physics 
oriented approach but requires longer computation time, 
while the two-bipolar model is an applications oriented 
model and runs faster. Implementation of either of the two 
models requires a separation of the PNPN device some- 
where in a semiconductor layer, so that minority carrier cur- 
rents on both sides are not always equal. Another aspect to 
both models is transient analysis that is caused by current 
amplification of the PNPN. The bipolar model has current 
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FIGURE 3.1.1 P-MCT SUBCIRCUIT AND +150°C DEVICE 
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amplification, while the diode model lacks it. The two-tran- 
sistor bipolar model has been chosen in this modeling. 


3.1.1 Equivalent Circuit 


As realized in Harris’ first 600V P-MCT, the P-MCT can be 
thought of as consisting of about 11 i000 parallel groups of 9 
20mm x 20mm unit cells in a 0.4cm? active area. In each 
group of 9 cells there is one on-cell surrounded by 8 off-cells. 
Figure 2.0.1 showed half of a cross section, i.e., half an on- 
cell and a complete off-cell along with the 2-transistor 
electrical equivalent circuit that is the basis of our SPICE 
model. The equivalent subcircuit model contains back-to-back 
connected NPN and PNP bipolar transistors, serial connected 
PMOSFET and NMOSFET, and_ parasitic passive 
components. The three-dimensional GOOV P-MCT device has 
been converted to one-dimensional components with values 
as given in Figure 3.1.1. 


3.1.2 Parameter Calculation 


Dimensions and physical parameters of each layer were 
determined assuming doping in each layer is to be uniform, 
and a reasonable mobility is given to each layer. Finally, 
resistivity and diffusion lengths are calculated. 


Parameter calculation for the two bipolars requires some 
caution. First, the collectors of PNP and NPN bipolars share 
the same P-/N-junction, so the collector area of each bipolar 
is taken to be a half of the junction area as shown in Figure 
3.1.2. Second, reverse parameters are always unnecessary 
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MCT Equivalent Circuit Models 
TABLE 3.1.1 CALCULATED AND MODIFIED SPICE PARAMETERS AT T, = +150°C 


MODIFIED SPICE 


1.14E-10 
2.75 
1.18 


Fwd Current Emission Coeff 
Corner for Fwd Beta Roll-Off 
Forward Early Voltage 

B-E Built-in Potential 

B-C Built-In Potential 

Base Forward Transit Time 
B-E Zero Bias Capacitance 
B-E Junction Exponent 

B-C Zero Bias Capacitance 
B-C Junction Exponent » 


TABLE B DEVICE 
NARROW BASE P+NP BIPOLAR PHYSICS 


| 2.0063 
| 066 
ae ae 
| 207-7 
| 25E-9 
a ae 
| 3.62E-10 
a 
Transport Saturation Current | 1M4E100 | 
Ideal Maximum Forward Beta | | 910 
Fwd Current Emission Coeff | 418 
Corner for Fwd Beta Roll-Off 3 | 6.00E2—s 

| Forward Early Voltage | 2,00E3. 
B-E Built-In Potential 
B-C Built-In Potential a. 

| Base Forward Transit Time | 4.29E-8 
B-E Zero Bias Capacitance | «9, A7E-9 

| B-E Junction Exponent | OK 
| 3.62E-10 

re aes 


B-C Zero Bias Capacitance 


B-C Junction Exponent 


TABLE C DEVICE 
OFF MOSFET UNIT PHYSICS MODIFIED SPICE 
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because the MCT reverse operation is inhibited. Third, the 
SPICE BJT model allows only choice of one of two DC mod- 
els - transport saturation current (IS) only or emitter and col- 
lector saturation current (ISE and ISC). The IS only model 
(Gummel-Poon model) has been chosen because of its sim- 
plicity. Twelve calculated parameters for each of narrow base 
PNP and wide base NPN bipolars are summarized respec- 
tively in Subtables A - E of Table 3.1.1. 


The PMOSFET and NMOSFET of elements of the MCT are 
very high speed devices compared with bipolar speed. They 
work as voltage controlled switches, except for several 
approximately 10nsec gate delays. The MOSFET uses the 
Shichman-Hodges model, and the gate capacitance model 
is a 12-section Meyer model. These choices result in 6 
parameters for each MOSFET. Physical parameters are 
given in Subtables C and D of Table 3.1.1. Notice SPICE 
uses the meter as a unit of length. 


Parasitics consist of one voltage source and 6 resistors. The 
voltage source describes an electric field in the very wide 
base NPN bipolar transistor. NPN and PNP emitter resis- 
tances (RVN+ and RVP+) were determined from measured 
data in the forward ON state. The other three parasitic resis- 
tors were calculated from Figure 2.0.1, bringing the total 
number of SPICE parameters to 42 as seen from Table 
3.1.1. 


3.1.3 Parameter Calibration 


The calculated SPICE parameters had to be calibrated to fit 
measured 600V generation 1 P-MCT data over a wide range 
of current, voltage, time, temperature and load. 


The first step of calibration was to modify SPICE parameters 
to match measured forward OFF characteristics up to 700V 
at +25°C/+100°C/+150°C. The OFF condition biases the 
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FIGURE 3.1.3. SPICE FORWARD VOLTAGE SIMULATION 


center P-/N junction in reverse, and leakage current through 
the junction determines the MCT OFF current. Critical 
SPICE parameters for the forward OFF state are: 


1. NPN bipolar: 1S, BF and VAF 
2. PNP bipolar: IS and VAF 


The IS of NPN was set to be equal to the IS of PNP 
because the collector-base junction of both bipolars are the 
same P-/N junction. Fit is fairly good at high voltage and high 
temperature, the more critical region because of the rela- 
tively higher losses, but poor at low voltage and room tem- 
perature. Once NPN BF was set to the calculated 0.536 
value, fitting was between 50% and 200% at all voltage and 
temperature ranges. Later BF was modified to 2.75 to 
accommodate transient fitting. The OFF state loss is approx- 
imately 0.23W at 700V and +150°C, and becomes negligibly 
small at +100°C. It is noteworthy that the most important 
parameter, IS for the PNP, remains unchanged at 11.4nA. 


The second step of calibration is ON-state characteristics. In 
this condition all the emitter junctions of MCT are forward 
biased and the central P- and N layers are strongly modu- 
lated by two types of injected carriers from P+ and N+ emit- 
ters, so that the forward drop is very much similar to a PIN 
diode. Measured and simulated forward ON characteristics 
from 10A to 300A at +150°C are plotted in Figure 3.1.3. Fit- 
ting is approximately within 50mV except at low current. 
Sensitive SPICE parameters for the forward characteristics 
are: 

1. NPN bipolar: 1S, BF and NF 

2. PNP bipolar: IS and NF 

3. Parasitics: RVN+, VDROP and RVP+ 


As IS’s and BF’s were already set in the first step the NF’s of 
two bipolars and NPN emitter series resistance (RVN+) and 
PNP series emitter resistance (RVP+) are available to fit the 
measured data. Once BF of the NPN was set to the calcu- 
lated 0.536, fitting was plus/minus 100mV at all the ranges. 
The 2.75 NPN beta calibration comes from the transient fit- 
ting. Power loss at 100A is approximately 120W at all tem- 
peratures. 


The third step is the most difficult calibration - transient turn- 
on and turn-off which are influenced by different phenom- 
ena. An important process for the ON transient is plasma 
spreading carried by holes and electrons. Capacitances in 
the circuit delay the transient. The turn ON is fairly constant 
over various current, voltage and temperature. Sensitive 
SPICE parameters for the turn-on transient are: 


1. NPN bipolar: BF 
2. Parasitic: CPOLY 
The minority carrier lifetimes in P- and N regions play major 


roles for the OFF transient. In SPICE they appear in the 
base transit times (TF). 
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Figure 3.1.4 compares simulated and measured turn-off time 
and energy for +150°C, 100A unsnubbered turn-off clamped 
at 300 volts. Fit to experiment is better than 10%. No doubt 
users will be able to refine the model for even better fits of 
key MCT behavior for their individual circuits. However, a 
perfect fit with the two-transistor model will always be difficult 
as it is not a true representation of the thyristor part of the 
MCT. 


A model has been presented with fitting shown only for the 
+150°C case as this is normally the limiting case. Operation 
at other temperature requires 2 coefficients for each of IS 
(for conduction drop) and NF, TF (for turn off). Later 
datasheets and user’s guide will include these coefficients. 


torr 1.38 
Eorr 15.1 


DEVICE CURRENT (10A/DIV) 


FIGURE 3.1.4. SPICE MODELLING OF 600V P-MCT TURN-OFF 
(300V, +150°C Inductive Turn-Off) 


3.1.5 Modelling Series/Paraliel MCTs 


One of the more important reasons SPICE modelling of 
MCTs was undertaken several years ago at Harris Power 
R&D was to design modules with parallel MCTs for a number 
of R&D programs focussed chiefly in aerospace systems. It 
was useful to introduce “weak” and “strong” MCTs in which 
turn-off times and forward drops were varied. 


3.1.6 SPICE Modelling Summary 


The newly developed MCT model can simulate not only 
MCT devices but also MCT power circuits and systems. The 
MCT subcircuit is a strong tools for design and verification of 
MCT power circuits. However, this is a first version of the 
model. In the future an upgrade of the model to a more accu- 
rate version with a MOS capacitor. type CPOLY. Also, more 
transient measurements to cover wider ranges of applica- 
tions. Finally, in using SPICE models there is often a lot of 
“numerical noise” caused by the fact that when the MCT 
switches, very small time steps are needed compared to the 
rest of the simulation. SPICE handles those transitions 
poorly, sometimes leading to wild oscillations. Holding down 
the maximum time step can work in many cases. In others, 
small snubbers need to be added between nodes where 
voltages change too quickly. For example, while the curves 


in Figure 3.1.4 had no snubber, small maximum time step 
was used which reduced numerical noise to acceptable lev- 
els. In using the same model as part of a half bridge circuit, a 
0.5 ohm, 0.033yF snubber across the MCT to get the SPICE 
simulation to work. 


3.2 Special MCT Models 
3.2.0 Introduction 


The big weakness of the MCT models built out of simpler 
devices is that they are non-physical in one important way. 
They do not account for the fact that the MCT is swamped 
with holes and electrons in the P- and N base regions. This 
has led to investigation of a 4-layer device model that can be 
implemented in SPICE or some other model useful to appli- 
cations engineers. This has not yet been totally successful. 
However, some portions of that developing model have 
proved very useful, especially in calculating MCT turn-off. 


Figure 3.2.1A shows a very simple MCT model for looking at 
turn-off. The MCT is assumed to be a current source in 
parallel with a capacitor. It is a very device physics oriented 
model which needs the current gain of the lower transistor, 
the recombination tail time constant and the device self- 
capacitance to accurately give the device turn-off trajectory 
(I and V vs t) along with device losses. In fitting low and high 
voltage turn-off to experiment, it was found that the above 
parameters are a function of voltage and current. For 
example, depletion width depends on current density in a 
known fashion. Also, undepleted base width controls current 
gain and is thus voltage and current dependent, also in a 
known way. Finally, recombining excess carriers are pushed 
toward and into the more heavily doped buffer region where 
recombination lifetimes are shorter. Here, a less precise 
parameter variation is possible. 


The lower part of Figure 3.2.1 shows turn-off energies calcu- 
lated for inductive turn-off of different currents with various 
snubber capacitors for temperatures of +75°C and +150°C. 
No energies are plotted for turn-offs that would at any time 
exceed the device SOA. In this case the SOA used is for a 
typical device and not all 600V generation 1 MCTs 
(75P60’s). Later, in section 6, measured turn-off energies 
are plotted for the same currents and snubbers. Fits are 
excellent. 


The model described was implemented in “c” programming 
language but could also be implemented, with less accuracy, 
in SPICE. 


3.3 Summary 


A passable SPICE model whose parameters have been fit to 
the first Harris GOOV MCT (75P60). This model works well in 
modelling more complex circuits. It does not, however, check 
to see if the SOA has been exceeded. 


We have also shown a different type of model useful for turn- 
off transients which is more physical than the 2-transistor 
SPICE model. 
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FIGURE 3.2.1A SIMPLE MODEL FOR MCT TURN-OFF 
(°C¢ Co AND T FIT TO GENERATION 1, 600V P-MCT) 
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FIGURE 3.2.18 TURN-OFF ENERGY vs CURRENT AND SNUBBER 
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Characteristics 


With the commercial introduction of the first MCT will come 
many questions concerning use and content of the data 
sheet. While the majority of the ratings, characteristics and 
curves will be familiar to most users, there are some subtle 
differences. This section is intended as a guide to the inter- 
pretation and significance of each of the ratings and charac- 
teristics that appear on a data sheet. The curves and figures 
used to illustrate these descriptions are intended to be 
generic and could be different than the curves included in an 
MCT data sheet. 


Operation Explained by Means of the 
Equivalent Circuit 


Most of the characteristics of an MCT can be understood 
easily by reference to the equivalent circuit shown here. An 
MCT closely approximates a bipolar thyristor (The two tran- 
sistor model is shown) with two opposite polarity MOSFET 
transistors connected between its anode and the proper lay- 
ers to turn it on and off. Since an MCT is an NPNP device 
rather than a PNPN device the output terminal or cathode 
must be negatively biased. Driving the gate terminal nega- 
tive with respect to the common terminal or anode turns the 
P channel FET on, firing the bipolar SCR. Driving the gate 
terminal positive with respect to the anode turns on the N 
channel FET on shunting the base drive to PNP bipolar tran- 
sistor making up part of the SCR, causing the SCR to turn 
off. It is obvious from the equivalent circuit that when no 
gate to anode voltage is applied to the gate terminal of the 
device, the input terminals of the bipolar SCR are untermi- 
nated. Operation without gate bias is not recommended. 


CATHODE 


GATE 


ANODE 


Ratings 


Most of the ratings seen on an MCT data sheet are identical 
to those found on PowerFET data sheets or are explained 
elsewhere in this document and do not need further explana- 
tion. The ratings which are differ from standard convention 
will be explained below. 


¢ Peak Off-State Blocking Voltage: (Vprm) 


- Maximum allowable cathode to anode _ voltage. 
- Explained in characteristic curve section. 


e Peak Reverse Voltage: (Varn) 
- The MCT is not by design a reverse blocking device, but 
like IGBTs _ it does have sufficient blocking capability to 
allow the use of an antiparallel diode. 


¢ Continuous Cathode Current: (Ic) 
- Explained in characteristic curve section. 


¢ Non-repetitive Peak Cathode Current: (Itsy) 

- This is the maximum allowable current through the 
device in the on-state at the pulse width. Junction tem- 
perature limits the acceptable peak current and pulse 
width. 


¢ Peak Controllable Current: (Itc) 

- This is the maximum amount of cathode current the 
device is rated to turn off when commanded by the MCT 
gate signal. Turn off of the device is guaranteed in the 
circuit listed in the particular data sheet. This capability 
is for both inductive and resistive circuits. The volt amp 
load line in Figure 4.12 must be adhered to during turn- 
off. Attempting to turn the device off at currents higher 
than the rated peak controllable current may result in 
destroying the device. The device may be used at cur- 
rents greater than the peak controllable current if it is 
commutated off at a current at or below the peak con- 
trollable rating. 


¢ Gate-Anode Voltage (Continuous): (Vga) 
- Similar to other MOS gated devices. 
¢ Gate-Anode Voltage (Peak): (Vga) 

- Allows for voltage overshoot during on and off gate volt- 
age transitions, is explained elsewhere in the users 
guide. 

¢ Rate of Change of Voltage: (dv/dt) 
- Explained in characteristic curve section. 
Rate of Change of Current: (di/dt) 
- Explained in characteristic curve section. 


Maximum Power Dissipation: (Py) 

- A function of the maximum junction to case thermal 
resistance (0.6°C/W) and a maximum delta temperature 
(junction to case) of +125°C. 
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¢ Linear Derating Factor: 
- Self explanatory. 

¢ Operating and Storage Temperature: (Ty, Tstag) 
- Self explanatory. 


¢ Maximum Lead Temperature for Soldering: (T, ) 
- Self explanatory. 


Parameters 


As with the ratings most of the parameters are similar to 
those found on PowerFETs or thyristor class devices, 
parameters which need further explanation will be clarified 
below. 


e Peak Off-state Blocking Current: (Ipay) 
- Self explanatory. 

¢ Peak Reverse Blocking Current: (Ippy) 
- Self explanatory. 


On-state Voltage: (Vr) 
- Explained in characteristic curve section. 


¢ Gate-anode Leakage Current: (Igas) 
- Self explanatory. 


e Input Capacitance: (Cjgs) 
- The MCT does not have Miller capacitance therefore it 
does not have gate plateau characteristics. The gate 
can be viewed strictly as a capacitance. 


Switching Characteristics: 
- Explained in characteristic curve section. 


¢ Thermal Resistance: (Rgjc) 
- Self explanatory. 


Static Characteristics 


Low conduction drop of the MCT is what sets it apart from 
MOSFETs, BIPOLARs and IGBTs. As the characteristic 
curves show conduction drop voltage is diode like which 
accounts for the high DC current rating of the device. Impor- 
tant aspects of the conduction drop voltage characteristic are 
the current at which the temperature coefficient is zero and 
the negative temperature coefficient of the conduction drop 
voltage below that current. 

300 
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FIGURE 4.1 TYPICAL CONDUCTION DROP CHARACTERISTICS 


Below the zero temperature coefficient current, conduction 
voltage decreases with increasing temperature; a practical 
ramification of this is that if mismatched devices are paral- 
leled one device could go into thermal runaway. From a par- 
alleling standpoint, it is advantageous to operate in an area 
of positive temperature coefficient which, depending on the 
circuit configuration, could mean operating above the peak 
switching capability of a single device. To operate above the 
zero temperature coefficient current the circuit must reso- 
nate or the current must be commutated to a safe switching 
level before it is switched off. 


Figure 4.2 is a calculated curve which defines the DC cur- 
rent carrying capability of the device vs temperature, the lim- 
iting factor to the current is the rated junction temperature of 
+150°C. This curve was plotted using a junction to case 
thermal resistance of 0.6°C/W and a device with a Ik vs Vry 
curve passing through Vrmmax) at Icog and Ty = +150°C. 
Using the above data and the following formula we can cal- 
culate the curve. 
150-Te 


0.6 * Vin 


The package limit shown on the curve is a wirebond limit and 
is not a function of the MCT die. 
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FIGURE 4.2. TYPICAL DC CURRENT CAPABILITY 


Switching Characteristics 


Hard switched characteristics are described in Figures 4.5 
through 4.10, and Figures 4.3 and 4.4 show the switching 
circuit and switching waveforms respectively. To obtain turn 
on characteristics a double pulse test must be used. The 
first pulse charges the load inductor to Icgp. When cathode 
current reaches Icgo the MCT is gated off, current then trans- 
fers from the MCT to the freewheeling diode. The diode also 
functions as a voltage clamp which limits voltage overshoot 
at turn-off. After the MCT has been given time (3-5us) to 
fully turn off, it is gated back on and current transfers back 
from the freewheeling diode to the MCT. Note that if the 
delay time between pulses is too long the resistance in the 
inductor diode loop and diode losses will cause the current 
to decay below Icgp. Also, if the second pulse is too long the 
maximum switching capability of the MCT could be 
exceeded. 


An important point must be understood for this test and any 
other tests which include hard switching. The peak voltage 
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Via is not the supply voltage but must include any voltage 
excursion above supply voltage while the clamp diode is 
turning on. 


Y RURGSOGO | 


FIGURE 4.3 INDUCTIVE SWITCHING CIRCUIT 


MAXIMUM RISE AND FALL TIME OF Vg IS 200NS 


FIGURE 4.4 INDUCTIVE SWITCHING WAVEFORMS 


Turn-off characteristics are measured at the trailing edge of 
the first current pulse and turn-on characteristics are mea- 
sured at the beginning of the second pulse. Switching time 
measurements are defined as follows: 


- Measured from the 90% point 
of Vg to the 10% point of Ix. 


Turm-Off Delay (TpiorF))) - Measured from the 10% point 
of Vg to the 90% point of Ix. 


- Measured from the 10% point 
of Ix to the 90% point of Ik. 


- Measured from the 90% point 
of Ix to the 10% point of Ix. 


Turn-On Delay (Tpiony)) 


Turn-On Rise Time (Tp) 


Turn-Off Fall Time (TF) 


Switching joss measurements are defined as the integral of 
the instantaneous power loss within the following time inter- 
vals: 


Turn-On Switching Loss - Measured from the 90% point 


(Eon) of Vg to the Veg = Vr point. 
Turn-off switching loss - Measured from the 10% point 
(Eorr) of Ve to the Ik =Q point. 


Maximum operating frequency curves for a typical device 
(Figure 4.11) are presented as a guide for estimating device 
performance for a specific application. Other typical fre- 
quency vs cathode current (I,,) plots are possible using the 


information shown for a typical unit in Figures 4.5-4.10. 
The operating frequency pilot of a typical device shows finax; 
or fyaxe whichever is smaller at each point. The information 
is based on measurements of a typical device and is 
bounded by the maximum rated junction temperature. 
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FIGURE 4.9 TURN-ON ENERGY LOSS vs CATHODE CURRENT 
(TYPICAL) 
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FIGURE 4.11 TYPICAL Fy, CURVES 


Fax: is defined by Fryrax1 = 0.05 / (Toony+T Dorr) Torony + 
TporrF) Geadtime (the denominator) has been arbitrarily held to 
10% of the on-state time for a 50% duty factor. Other definitions 
are possible. Device delay can establish an additional frequency 
limiting condition for an application other than Tyyax. Torry is 
important when controlling output ripple under a lightly loaded 
condition. 

Fax is defined by Fyaxe = (Pd - Pc) / (EgntEorr). The allow- 
able dissipation (Pd) is defined by Pd = (Tyyax- Tc)/Rac. The 
sum of device switching and conduction losses must not exceed 
Pd. A 50% duty factor was used and the conduction losses (Pc) 
are approximated by Pc = (Vax:lax). Eon is defined as the power 
loss starting at the leading edge of the input pulse and ending at 
the point where the anode-cathode voltage equals the conduc- 
tion voltage drop, (Vax = Vry)- Eorr is defined as the power loss 
starting at the trailing edge of the input pulse and ending at the 
point where the cathode current equals zero (I, = 0). 


Because Turn-on switching losses can be greatly influenced by 
external circuit conditions and components, Fra, curves are 
plotted both including and neglecting turn-on losses. 


P-type MCTs have switching SOA limitations as other P-type 
semiconductor switches as shown in Figure 4.12. Switching 
capability is primarily impacted by three things: 


1. Gate voltage rise time - Gate voltage rise times longer than the 
times recommended in the data sheet will lower switching 
SOA capability below that shown in the Figure. 


2. Gate voltage during turn-off - The gate voltage must reach and 
maintain the recommended level until the MCT is fully turned 
off. Gate voltages lower than the recommended level will 
cause the horizontal upper switching limit to move down. De- 
pendence of switching capability on Vg is described else- 
where in the users guide. 


3. Va peak - in the high voltage region of the switching curve, 
switching capability is also impacted by the peak level of 
Va during the switching transition. As mentioned previ- 
ously, the voltage must include any overshoot above supply 
voltage. The overshoot will be of very short duration so an 
oscilloscope capabile of measuring very short pulses 
should be used. 
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FIGURE 4.12 TYPICAL TURN-OFF CAPABILITY CURVE 


Spike voltage data is intended to aid the user in evaluating 
MCT performance in zero voltage resonant switching cir- 
cuits. Spike voltage is defined as the peak amplitude Via 
will reach before the device latches on. As shown in Figure 
4.13, Vspxe increases with temperature and can be reduced 
by adding or increasing the size of the anode-cathode 
capacitive snubber. 


SPIKE VOLTAGE (V) 


1 6 1 #116 21 2 31 #36 #41 «46 
di/dt (A/us) 


FIGURE 4.13 TYPICAL SPIKE VOLTAGE CURVES 


In the spike voltage test circuit (Figure 4.14) the purpose of 
the 20V supply, diode and 5000 resistor loop is to reverse 
bias the MCT. The reverse bias is intended to simulate the 
MCT bias in a resonant switching circuit as current begins 
flowing in the MCT. Figure 4.15 shows the timing of wave- 
forms during the test. Load inductance and supply voltage 
are adjusted to provide the desired di/dt. Because Vsp)x¢ 
subtracts from the inductor voltage it will cause the current 
ramp to be nonlinear. As Vspix¢ is increased, supply voltage 
will also need to be increased to reduce the nonlinearity of 
Ik: 


Two factors that may reduce the blocking voltage capability 
of the MCT are temperature and dv/dt. Figure 4.16 shows 
the relationship of the blocking voitage of a typical MCT to 
dv/dt. Temperatures above the rating (+150°C) will also 
reduce blocking voltage to less than rated voltage. 


5002 Va a 
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+ 
FIGURE 4.14 Vspixg¢ TEST CIRCUIT 
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FIGURE 4.15 SPIKE VOLTAGE WAVEFORMS 


Ty = +150°C, Ya = 18V 


so 
= 7 
E mat mm | 


a 57s 00a 
> =H A a, 
TT 


ui «75; — 
a a 
4251 
0.1 1.0 10.0 “400.0 4000.0 1000.0 
dv/dt (V/uS) 


FIGURE 4.16 TYPICAL BLOCKING VOLTAGE vs dv/dt 
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5.0 MCT Gate Drive Requirements and 
Gating Circuits 


The MCT has a MOS gate, similar to FETs and IGBTs, mak- 
ing it relatively easy to drive. The MCT gate capacitance is 
typically 10nF. Unlike other MOS gate devices the MCT gate 
experiences essentially no Miller current during switching, 
simplifying gate drive requirements. However there are sev- 
eral differences compared with other MOS gate devices that 
must be considered for successful operation. These differ- 
ences will be discussed in more detail in the following sec- 
tions. A brief discussion of several gate drive circuits can be 
found in section 5.3.0. 


5.1 Gate Waveform 


5.1.1 Boundary Limits 


Rated performance of the MCT requires that the gate wave- 
form meet criteria in amplitude and risetime. Figure 5.1.1 
shows a graph of boundary limits for an acceptable gate 
waveform. The gate waveform should fall within the steady 
state limits during MCT ON or OFF time of the gate pulse. 
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The gate waveform should fall within the shaded areas dur- 
ing the waveform transitions. These boundry limits are dis- 
cussed in more detail in the following sections. 


5.1.2 Negative Amplitude 


The MCT is gated ON with a voltage that is negative with 
respect to the MCT anode. Since the MCT is a thyristor, 
internal regeneration will insure that the device switches fully 
to the ON state once cathode current exceeds the device 
holding current (mA’s). The -7V steady state ON voltage 
boundary insures the MCT will switch ON and switch with 
reasonable delay time. The -20V steady state boundary 
insures that the gate will not be damaged from excessive 
voltage. 


5.1.3 Negative Going Transition 


One distinct difference between the MCT and other MOS 
gated devices is that the gate cannot be used to control the 
switching time of the MCT although the slope of the negative 


t==00 WN 
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FIGURE 5.1.1. BOUNDRY LIMITS FOR MCT GATE WAVEFORM 
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going gate voltage transition does influence switching delay 
time. As the transition time is reduced gate displacement 
current will cause the MCT to initiate turn-on while the gate 
voltage is still positive. The boundary limits permit overshoot 
in negative going gate voltage. 


5.1.4 Positive Amplitude 


The MCT is gated OFF and held OFF with a voltage that is 
positive with respect to the MCT anode. The 18V 21.5us 
duration OFF voltage boundary insures the MCT will switch 
off rated current at +150°C. The 20V steady state boundary 
insures the gate will not be damaged from excessive volt- 
age. We do, however, allow the voltage to overshoot 20 volts 
to 25 volts but on a transient bases only 


5.1.5 Positive Going Transition 


The MCT turns-off by internal FET transistors shorting the 
base-emitter junction of the internal PNP transistor. To maxi- 
mize turn-off capability the shorting FETs must be turned ON 
uniformly and rapidly to ensure that all MCT cells turn off 
essentially the same current. If the gate voltage rises slowly 
current will redistribute among the cells reaching a value in 
some cells that cannot be turned off. This requirement 
establishes the 200ns boundary time of the positive going 
transition. To ease problems with inductive gate overshoot 
the gate voltage is allowed to transiently go as high as +25 
volts. 


5.2.1 Derating 


If the minimum positive steady state gate voltage is reduced 


or if the positive going gate voltage transition time is — 


increased the turn-off capability of the MCT is reduced as 
shown by the curves in Figure 5.2.1 and Figure 5.2.2. These 
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35 
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V-GATE: 5 VOLTS 
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FIGURE 5.2.1 lor ps GATE RISETIME (js) | 


curves are not to be interpreted as device ratings. They 
show measured performance on a small sample of devices 
that are believed to be representative of the broad popula- 
tion of devices. The solid line curves are suggested limits 
that could be used to estimate reduced lor capability result- 
ing from non-ideal gate voltage waveforms. The gate voltage 
referred to in Figure 5.2.2 occurs during the 1.5us immedi- 
ately following the positive gate transition. If increased rise 
time and reduced gate voltage occur simultaneously the % 
rating factors must be multiplied together. For example a 
gate pulse rise time of 0.5us to 16V can be expected to 
reduce Io¢r¢ capability to (0.6 x 0.83) 50% of rated. 


5.3. Gating Circuits 


5.3.1 Circuits Using Commercial Parts 


Circuits for gating an MCT should meet the following require- 
ments. 


¢ Gate Drive Voltage - upto+20V 
e Rise/Fall Time - <200ns 
e Peak Current - upto2A 


Handle Gate Current vs Fre- 
quency Plus DC Losses 


e Thermal - 


® 


Signal Interface - Typically Magnetic or Optical Iso- 


lation 


Power Isolation - Gate Drive Circuit Ohmically Con- 
nects To MCT Anode. Isolation 
Required For Bus Voltage And 


Switching dv/dt. 
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FIGURE 5.2.2 I-OFF vs GATE VOLTAGE (TYPICAL) 
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The circuits that follow illustrate several different approaches 
for gating the MCT. The fact that the required peak to peak 
MCT gate voltage exceeds FET drive requirements narrows 
the choices of commercially available ICs that can directly 
gate the MCT. Each of the driver circuits will typically be 
energized from a transformer secondary (usually high fre- 
quency) and rectifier to provide isolated DC power. The 
switching signal will typically be coupled through a fiber optic 
light pipe or optocoupler. Either of these would be energized 
from the isolated DC voltage through appropriate voltage 
divider or zener diode. 


5.3.2 Circuit 1 - Using Dual FET Drivers 


Figure 5.3.1 shows a gate drive circuit topology which uti- 
lizes two dual 15V-18V rated FET driver ICs and discrete 
FETs to generate the required 20V+ MCT gate turn off sig- 
nal. The secondary of power supply transformer produces 
+13V which energizes the two dual power inverters con- 
nected between the transformer neutral and each rail. The 
input signal at terminal 2 is level shifted to drive upper and 


4 Vs, 20V - 28V 
2 Vp, 5V MAX 
1 COM 


lower power inverters which in turn drive FET transistors Q1 
and Q2. The voltage capability of these transistors must 
exceed the 26V range required for the MCT. Components 
D1-R3 and D2-R4 provide differential delay to avoid overlap 
short circuit current through Q1 and Q2. Resistor R11 pro- 
vides damping for gate voltage waveform. Resistors R1 and 
R2 establish the division of bus voltage between positive 
and negative voltage applied to the MCT gate. Capacitors 
C1 and C2 provide bus filtering and the peak current 
required to switch the MCT gate capacitance. 


Assessment: 
+ Circuit Operation is Tolerant of Bus Voltage Variation. 


+ Circuit Can Drive MCTs in Parallel by decreasing Rpsion) 
of Q1 And Q2. 


+ Multiple Sources for all Parts. 


- Circuit is Relatively Complex for Driving a Single MCT. 


NOTE: V2+ = MCT GATED ON 


V2 PULSE = 5V MAX 
Ri =6.7K C1 = 10pF, 25V 
R2 = 3.3K C2 = 10pF, 25V 
R3 = 3K C3 = 100pF 
R4 = 3K C4 = 100pF 
R5 = 15K 
ecaei Q2 = IRFD113R 
R8 = 15k SEC 
R9 = 100 B1 = ICL7667 
R10=1000 = Ba - I1cL7667 
R11 = 0.15 


FIGURE 5.3.1 MCT GATE DRIVE CIRCUIT USING TWO DUAL FET DRIVER ICs 
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FIGURE 5.3.2 MCT GATE DRIVE CIRCUIT USING UNITRODE POWER DRIVER IC 
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FIGURE 5.4.2. MCT GATE DRIVE CIRCUIT USING HARRIS DEVELOPMENTAL DRIVER IC 


5.3.2 Circuit 2 - Using Power Driver IC 


Figure 5.3.2 shows a gate drive circuit topology which uses a 
35V rated FET power driver to generate the required 20V+ 
MCT gate signal. The transformer and diodes produce the 
26V required to directly energize the power driver. The input 
is compatible with a variety of opto receivers. Resistor R3 
provides damping of gate voltage waveform. Resistors R1 
and R2 establish the division of bus voltage between posi- 
tive and negative voltage applied to the MCT gate. Capaci- 
tors C1 and C2 provide bus filtering and the peak current 
required to switch the MCT gate capacitance. This circuit is 
attractive however the user should be aware that this driver 
has an internal thermal shutdown feature which drives the 
output low if the temperature exceeds +155°C. This will gate 
the MCT ON, which probably will be judged undesirable. 


Assessment: 

+ Circuit Uses Few Components. 

+ Higher Output Current Drivers Available. 

_. Internal Thermal Shutdown (+155°C) Gates MCT On. 
5.4.0 Circuits Using Developmental Parts 

5.4.1 MCT Driver Il 


An MCT driver IC has been developed which is not yet avail- 
able commercially. This IC has been designed to provide the 
power circuit designer with many useful functions. Figure 
5.4.1 shows a simplified diagram of this integrated circuit. 
The circuit contains three major blocks, power circuit, main 


MCT ON/OFF channel and auxiliary comparators. In this dis- 
cussion all voltages are referenced to the PA terminal, which 
is typically connected to the MCT anode. 


The IC can be powered from a negative supply (7V - 12V), 
internally clamped at 12V, or from center tapped supply (P- 
to PA to P+) or from a single ended supply (P- to P+). When 
using a negative supply an internal charge pump energizes 
the P+ terminal. A -4.7V reference voltage can sink up to 
30mA and can be used to directly energize opto receivers or 
other control circuits. Standby current is less than 5mA for 
the IC. 


All control signals enter the IC through comparators which 
require only a few mV of input signal. The common mode 
range includes the PA terminal and -4.7V REF terminal 
allowing several volts of noise rejection. The main ON chan- 
nel controls the gate output which is capable of driving 4 
MCT gates connected in parallel. The ON channel includes 
Minimum-ON-Time and Minimum-OFF-Time functions which 
are user programmable by adding external capacitance. 
These functions can be used to provide adequate snubber 
reset time for example. 


The IC contains both undervoltage inhibit and a latch which 
when set will force the ON channel to the MCT OFF state. 
The latch is set by the L comparator and is reset by the R 
comparator. When the latch is set the LO output will sink cur- 
rent (20mA max) for driving LED. With these inputs the user 
can implement over current or over temperature lockout 
functions for example. 
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The IC also contains two uncommitted comparator channels. 
The “A” channel has a totem pole output, “AO”, capable of 
driving 20mA. The “B” channel has two comparator inputs 
which are OR’ed together and drive the “BO” output which 
will source current (20mA max) for driving an LED. These 
uncommitted channels can be used for detection, timing, 
and logic functions for exampie. 


Figure 5.4.2 shows how this integrated circuit can be used in 
its simplest configuration to drive an MCT. The REF terminal 
can be used to power an opto receiver and provide refer- 
ence voltage for the comparator input. In the arrangement 
shown resistors R1 and R2 establish the division of bus volt- 
age between positive and negative voltage applied to the 
MCT gate. Capacitors C1 and C2 provide bus filtering and 
the peak current required to switch the MCT gate capaci- 
tance. Resistor R3 powers the integrated circuit. Resistor R4 
provides damping the gate voltage waveform. 


Figure 5.4.3 shows MCT gate voltage waveforms when 
driven by this IC. The + or - amplitude can be adjusted by the 
power supply voltage and resistors R1 and R2 to supply the 
desired amplitude of gate voltage. 


Section 6.3 describes a DC circuit breaker which utilizes two 
MCTs and two of these driver ICs to implement all of the con- 
trol circuits. 


P 
: 


5 VOLTS/div 


100nsec/DIV 


NOTE: + AND - AMPLITUDES CAN BE ADJUSTED TO MATCH 
RECOMMENDED DRIVER REQUIREMENTS. 


FIGURE 5.4.3 OUTPUT VOLTAGE OF DEVELOPMENT MCT 
GATE DRIVER IC DRIVING ONE MCT GATE 
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6.0 Using The MCT 


The MOS Controlled Thyristor (MCT) is a solid state unidi- 
rectional power switch that exhibits low conduction drop 
(2volts - 3 volts) at high current as illustrated in Figure 6.0.1. 
As described in section 2, the MCT requires low power to 
gate, has high surge current, high di/dt and dv/dt withstand 
capability and is able to switch at junction temperature in 
excess of +150°C. The MCT should be considered for power 
switching applications where high current capability with rel- 
atively low conduction loss are prime requirements. 


lak 250 AIDIV —> 


20useciDIV 


VOLTAGE ACROSS MCT DURING 1300 AMP 
PEAK PULSE 


FIGURE 6.0.1. 


This section discusses key issues for successfully using the 
MCT in power switching circuits such as inverters, convert- 
ers, motor drives, pulse circuits, etc. The discussion is 
divided into five categories; Hard Switching, Soft Switching, 
SCR circuits, AC Switch circuits and Complementary cir- 
cuits. 


6.1.0 Hard Switched Operation 
6.1.1 Turn-OFF Stress 


Hard switching circuit applications subject the switching 
MCT to substantial simultaneous voltage and current during 
switching, resulting in high instantaneous power dissipation 
in the MCT. Many power conversion circuits operate in the 
hard switched mode. The diagram in Figure 6.1.1 shows a 
circuit that generates hard switched stresses on the MCT 
and this circuit will be used as a basis for discussing hard 
switched operation. The circuit is operated at very low duty 
factor allowing the MCT to be stressed up to rated voltage 
and current from a low power source. The MCT can be artifi- 
cially heated (hot plate) to simulate self-heating. 


The MCT in Figure 6.1.1 switches inductive current pulses 
from a low impedance power supply. Capacitor C1 is the DC 
source capacitor and must be large enough to supply the 
current pulse with less than 5% voltage droop. In practice it 


may be implemented with an electrolytic capacitor paralleled 
by a low impedance Multi Layer Ceramic capacitor. Inductors 
Lia and L1b are the stray inductances associated with the 
circuit loop connecting C1, D1 and MCT Q1. Inductor L2 is 
the principal load impedance limiting current during a pulse. 
Diode D1 clamps the MCT voltage to the supply bus and 
provides a current path for current in L2 to flow when the 
MCT is not conducting. Components R2, D2, C2 form a 
polarized snubber which, under some operating conditions, 
may be needed to control MCT overshoot voltage or keep 
the V-I switching path within the allowable SOA. 


+ 
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100 
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L2 
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1k 
FIGURE 6.1.1 


CIRCUIT THAT GENERATES HARD SWITCH- 
ING STRESS ON THE MCT 


The lorr test uses wave form (a) to gate the MCT. When the 
MCT is gated ON current increases through inductance L2 to 
the desired peak current value. The ON time and the load 
inductance are selected to reach the desired current in about 
50s, for example. When the MCT is gated OFF the current 
through the MCT remains constant as the voltage increases 
until diode D1 conducts, clamping the cathode voltage to the 
negative bus. During this transition interval the MCT is sub- 
jected to high peak power dissipation. The increase in MCT 
voltage typically occurs rapidly (1000’s V/us) as the load cur- 
rent charges the equivalent capacitance of the MCT (~30nF). 
The turn-off of the MCT cannot be safely slowed down by 
reducing the gate drive as discussed in section 5.1.5. 


While switching off, the instantaneous values of MCT voltage 
and current must stay within the safe switching area or 
"SOA" (Safe Operating Area) shown in Figure 6.1.2 The high 
current boundary of this curve is the maximum current that 
the MCT can turn off and is limited by the resistance of the 
internal OFF-FETs. The negative slope boundary is the SOA 
limit for the MCT. During the fast voltage transition, while 
switching off, stray inductance L1 will allow the MCT voltage 
to transiently exceed the supply voltage. For small values of 
Stray inductance the overshoot voltage may be adequately 
limited by the capacitance of the MCT. For larger values of 
stray inductance it will be necessary to utilize a snubber net- 
work (C2, D2, R2 for example) to limit overshoot voltage. 
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The MCT power loss when switching off is a function of 
device current, peak voltage and junction temperature. In 
power circuit applications it may be necessary to add a 
snubber capacitor to keep the MCT I-V switching path within 
the safe switching area. In addition, snubber capacitance 
may be needed to reduce overshoot voltage, as previously 
discussed. The family of curves in Figure 6.1.3 shows typi- 
cal MCT switching loss at +75°C and at +150°C, the maxi- 
mum junction temperature for one of our 75P60 600V P- 
MCTs. These curves cover a range of peak voltage, snubber 
capacitor values and current enabling the estimation of 
switching loss under user conditions. Nine of these sets of 
curves are for +150°C junction temperature operation and 
therefore represent maximum typical losses in the MCT. The 
curves whose endpoints reach 120 amperes are limited by 
maximum turn-off ability of the MCT. The curves whose end- 
points are less than 120 amperes are at or near the SOA 
limit of the MCT. In addition to the +150°C data, 3 sets of 
curves allow turn-off energy to be estimated at +75°C. Some 
of these measured switching loss curves extend beyond the 
Safe Switching Area limit shown in Figure 6.1.2. This does 
NOT imply that the Safe Switching Area limit can be 
exceeded safely for all devices. 


Ty = +1 50°C, Vos = 18V, 


rm 


= 200uH 


a= 140 
= 130 | 


A 


TURN-OFF 
SAFE SWITCHING AREA 


PEAK CATHODE CURRENT (Ik) 


-150 -250 -350 -450 
PEAK TURN OFF VOLTAGE (Via) (V) 


FIGURE 6.1.2. TURN-OFF CAPABILITY vs ANODE-CATHODE 
VOLTAGE 


6.1.2 Turn ON Stress 


In the hard switched case, the MCT turns on from high block- 
ing voltage with minimal inductance to limit increase in cur- 
rent. This condition occurs in the circuit of Figure 6.1.1 when 
gate waveform (b) is used. During the initial ON interval the 
test current is established in the inductor as previously 
described. After brief (5s) off-period, which allows the MCT 
to fully recover blocking, the MCT is gated ON again for 5ys. 
During this second turn-on the MCT may experience high 
di/dt while the conducting diode recovers blocking voltage. 
The 5ps ON-time allows the MCT to turn on fully before the 
final OFF-transition occurs. These switching conditions are 
found in many types of inverter/converter circuits. 


The presence of stray inductance L1 allows the MCT voltage 
to fall during current transfer and reduces the magnitude of 
peak diode recovery current. However this is in conflict with 
the requirement of reducing stray inductance to limit over- 
shoot voltage and switching losses as discussed in section 
6.1.1. In practice, it is typically found that overshoot voltage 


is the more limiting factor. Therefore, reducing stray induc- 
tance is probably the proper design objective. Typically, with 
fast recovery diodes, the MCT turn-ON switching loss is rela- 
tively small. Figure 6.1.4 shows typical turn-on energy loss 
as a function of cathode current for 200 volts and 300 volts. 
The MCT current that occurs during recovery of the diode 
can be several hundred amperes and is typically within the 
surge capability of the MCT. Device failures have been 
observed with turn-on di/dt in the range of 6O00A/1s. 
Ty= +150°C, Rg = 10, L = 200uH 
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FIGURE 6.1.4. TURN-ON ENERGY LOSS vs CATHODE CUR- 
RENT (TYPICAL) 


6.2.0 Soft Switched Operation 


Soft switching and resonant power circuits are being 
employed,in part,as a means of reducing switching losses 
and stress on power switches thereby allowing higher oper- 
ating frequency (references section 9 papers 16, 28, 33, 35). 
Soft switching occurs when the power switch is near zero 
current and/or zero voltage during the switching event. There 
are many different circuit topologies that limit switching 
stress on power switches. In these topologies the power 
switch is typically connected as part of an LC circuit and 
operated in one of two different modes. First, it can operate 
with the power switch in series with an inductor or second, 
with the power switch in parallel with a capacitor. The circuit 
in Figure 6.2.1 generates soft switching stresses on the 
MCTs and this circuit will be used as the basis for discussing 
soft switching operation. 


6.2.1 Circuit Operation 


The circuit in Figure 6.2.1 is operated in the following 
sequence. Initially capacitor C1 is discharged by a large 
value resistor R1. The switching sequence is initiated by gat- 
ing MCT Q1 ON followed by gating MCT Q2 ON. Current 
increases linearly through the inductor as established by 
Vsupply/L1. When MCT Q1 is gated OFF the voltage 
increases across MCT Q1 as L1 and C1 ring. The peak volt- 
age across MCT Q1 is determined by the resonant imped- 
ance of L1C1 and the value of current in the inductor L1 at 
the time MCT Q1 is gated OFF. When the oscillation decays 
Ci will be charged to the supply voltage and the current 
through MCT Q2 will be small (Vsupply/R1). MCT Q2 can be 
gated OFF and C1 will discharge through R1 completing the 
sequence of operation. 
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6.2.2 Series Inductor Case — 


In the circuit in Figure 6.2.1 MCT Q2 is in series with induc- 
tor L1. Soft switching occurs if the current in the series 
inductor is substantially zero at the time of switching. If the 
inductor is larger than a few pH current increase during volt- 
age collapse (<100ns) will be limited to a few amperes 
resulting in low turn-on loss. 

+ 


D 
SUPPLY 
VOLTAGE 


FIGURE 6.2.1 CIRCUIT THAT GENERATES SOFT SWITCHING 


STRESS ON THE MCT 


During the circuit operating cycle inductor L1 and capacitor 
C1 ring causing current to flow through diode D2. MCT Q2 
can be gated OFF during the oscillation while diode D2 is 
conducting, achieving soft switching. As the current tries to 
reverse both diode D2 and MCT Q2 block. If the conduction 
time of diode D2 has been longer than the recombination 
time of the MCT (<2us) only displacement current will flow 
during the voltage increase across the MCT resulting in low 
switching loss. However, if the conduction time of diode D2 is 
<2us, the MCT will not be fully recovered when forward volt- 
age appears across the MCT. The remainder of the recombi- 
nation tail current will flow, resulting in a small to moderate 
switching loss. In addition, since the MCT is not fully recov- 
ered, the turn-on voltage spike (discussed in section 6.2.3) 
_ will be reduced. 


6.2.3 Parallel Capacitor 


In the circuit in Figure 6.2.1 capacitor C1 is in parallel with 
MCT Q1. Soft switching occurs in MCT Q1 when the capaci- 
tor voltage is near zero at the time of switching. The ideal 


Cg = 1pF, Ty = +150°C 
x 


AY 


SPIKE VOLTAGE (V) 


d/dy (A/us) 
FIGURE 6.2.2. SPIKE VOLTAGE vs D//D, (TYPICAL) 


soft switched turn-on is degraded by the need for a small 
charge to flow into the MCT before it can switch ON. This will 
result in a voltage spike occuring across the MCT prior to 
turn-on. The curves in Figure 6.2.2 enable estimating the 
magnitude of this turn-on voltage spike. The curves show 
turn-on spike voltage as a function of current di/dt flowing 
into the parallel combination of capacitor and MCT. The test 
conditions duplicate circuit operation by having the MCT 
gated ON prior to becoming forward biased. These curves 
indicate that a turn-on voltage spike of several volts should 
be expected when switching 1kKH resonant current increas- 
ing to several 10’s of volts at 100kH. 


When the MCT switches ON it discharges the capacitor 
resulting in a power loss. The curve in Figure 6.2.3 shows 
the value of MCT switching loss as a function of current di/dt 
flowing into the parallel combination of capacitor and MCT. 
The MCT loss results from MCT current flow prior to reach- 
ing peak voltage on the capacitor plus discharge of the 
capacitor. 


1.0; 


SNUBBER 
CAPACITOR 


TURN-ON SWITCHING LOSS (mJ) 


30 60 
di/dt (A/is) 


FIGURE 6.2.3. SNUBBERED TURN-ON ENERGY LOSS IN MCT 
vs di/dt (TYPICAL) 


The parallel capacitor snubbers the MCT during turn-off. 
This allows circuit current to transfer from the MCT into the 
capacitor slowing the increase in voltage across the paral- 
leled MCT and capacitor combination. As a result switching 
losses in the MCT are reduced as discussed in section 
6.1.1. An upper bound of MCT turn-off switching loss can be 
estimated using the curves in Figure 6.1.3 for the same size 
capacitor. 
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6.2.4 MCT Dynamic Breakdown Voltage 


Off-state DC blocking voltage of the P-type MCT is reduced 
by the presence of carriers within the device. When the MCT 
is blocking voltage, carriers can be present due to a) un- 
recombined carriers remaining in the turn-off recombination 
tail, b) displacement current from dv/dt and c) thermal gener- 
ation current. Figure 6.2.4 shows the effect of a linear dv/dt 
ramp from zero voltage at +150°C on reducing DC blocking 
voltage. If your blocking voltage trajectory is less stringent, 
for example, sinewave or exponential, then it is appropriate 
to add some B.V. correction. This is discussed more fully 
below for dv/dt’s that are essentially sinewaves. 


Ty = +150°C, Vg = 18 V 


{tm SOT a HHH 
am 0 Baill 

TTT TTI YP tc iil 
SS rte 
U1 
a 
{| a a 

atl RATED : 


“N 
gl 
o 


Ni 
[=] 
So 


o 
vl 
o 


1) oR 

TTT 

U1 Th 

1 10 100 1,000 10,000 
dv/dt (V/us) 


BREAKDOWN VOLTAGE "Vor" (VOLTS) 
> 
a 
° 


© 
—_ 


FIGURE 6.2.4. BLOCKING VOLTAGE vs dv/dt 


CURRENT TURNED OFF 
——O-—- 0A 


—A— 10A 
—Je—— 504 


= 
= 

= 

$ 

mo ] 

=x 

G 

Ba 

@ 

lu 

> | A 
m 

< = 
> : 
a ee ae 
: a 
E | RG 
<< 

: \ 
Q 

lu 

” 

< 

Ww 

ec 

oO 

z 


a 


TEMPERATURE: +150°C 


0 
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FREQUNCY (kHz) OF BLOCKING VOLTAGE WAVEFORM 


FIGURE 6.2.5. TYPICAL 75P60 600V P-MCT B. V. INCREASE 
ABOVE HIGH dv/dt LIMIT DUE TO "EASIER" 
SINEWAVE VOLTAGE dv/dt 2 


In some circuits the MCT is paralled by the resonating 
capacitor. When the MCT is turned-off the voltage will typi- 
cally ring up across the MCT. It might be expected that the 
peak MCT voltage could safely approach the DC blocking 


voltage since dv/dt goes to zero at the voltage peak. How- 
ever, since the internal carriers have a finite lifetime the volt- 
age blocking capability becomes a function of current 
turned-off and sinewave pulse width. The curves in Figure 
6.2.5 show how blocking voltage inceases above the high 
dv/dt limit of Figure 6.2.4 for decreasing resonant frequency. 
Because of the current that can be remaining from the turn- 
off recombination tail, we have chosen to show curves and 
data for turn-off currents from zero to 120A, the peak rated 
turn-off capability of the 75P60 600V P-MCT. 


In Figure 6.2.5 an MCT operated at +150°C junction temper- 
ature in which no current had to be turned off, is seen to 
have a dynamic breakdown voltage that increases from Fig- 
ure 6.5.4’s 550 volts at very high frequency to about 600 
volts at 45KHz and 685 volts at 2OKHz. At the other extreme 
the same MCT, after turning off 120A, has the same 550 volt 
breakdown voltage at very high frequency, a 600 volt break- 
down voltage at 34KHz and a projected 670 volt breakdown 
voltage at 20KHz. 


References - Section 9 papers 16, 28, 33, 35, 39 


6.3.0 SCR Circuits 


The MCT shares high surge current capability of the SCR 
and therefore is the ideal power switch for many thyristor 
applications . In addition the MCT has other superior charac- 
teristics for thyristor applications. The MCT is fabricated with 
thousands of turn-on cells using LSI fine geometry. This 
results in a device that can switch on in less than 100ns and 
will withstand current rise in excess of several thousand A/us 
with peak current in excess of several thousand amperes. 
The high density of internal off-cells enables the MCT to turn 
off and block voltage essentially instantly. In addition the off- 
FETS prevent false dv/dt triggering to greater than 10,000 
V/s at +150°C operation. 


Some circuit applications can effectively utilize the surge cur- 
rent capability of the MCT. For example, MCTs have been 
used to switch large capacitor banks for the purpose of gen- 
erating high peak power pulses. In other applications some 
inverters use an auxiliary MCT to resonantly transfer load 
current between the main power switches of a bridge leg. 
Here the auxiliary MCT carries about 1.5X load current for a 
few microseconds during the resonant pulse. A single MCT 
can commutate a much higher current rated power switch. 


The curve in Figure 6.3.1A shows MCT voltage drop vs cur- 
rent up to 2000 amperes. This data was obtained by pulsing 
the MCT with half sinewaves of current and measuring volt- 
age at the current peak to avoid inductive errors. The upper 
current limit of the pulse test was controlled by the range of 
our current sensor. Note in the lower curves the good corre- 
lation with data obtained from the 400 ampere pulse curve 
tracer. This data was used to estimate surge current with- 
stand capability shown in Figure 6.3.1B. 


The curve in Figure 6.3.1B provides guidance in estimating 
allowable surge current pulses. This curve is based on a 
+60°C adiabatic junction temperature rise. From thyristor 
technology it has been established that repeated surge 
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pulses produce micro cracks in the device die that propagate 
with repeated pulses to ultimately cause failure. The table in 
Figure 6.3.1B provides insight in estimating the number of 
surge pulses which will likely produce failure. 


ee ae) 
TA9836, LOT 55, 75P60 600V P-MCT 
iw A “ PULSED, +150°C 
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FIGURE 6.3.1A. COMPARISON OF CURVE TRACER AND 
PULSE VF DATA 


+90°C CASE TEMPERATURE 
+60°C ADIABATIC DELTA T 
NET PULSE ENERGY: 2J 
(i.e. 2W AT 1Hz) 


#CYCLES 
‘TO FAILURE 
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5.8E01 


PEAK CURRENT (A) 
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T 
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(BASED ON 60°C JUNCTION TEMPERATURE RISE DURING THE 
PULSE WITH MINIMAL THERMAL SPREAD) 


FIGURE 6.3.1B TYPICAL 600V P-MCT SURGE CAPABILITY 


Our forward voltage drop pulse tester was also used to 
observe higher peak currents and very high di/dt’s. Failures 
were observed after several pulses for 4 75P60 P-MCTs as 
shown below: 


a) Die 48 : Ipk=4795A di/dt=6557A/us 
b) Die 50 : Ipk=5328A di/dt=6875A/us 
c) Die 54: Ipk=5650A di/dt=7377A/us 
d) Die 55 : Ipk=5902A di/dt=8338A/is 


Although this might suggest that the allowable di/dt can be 
increased above the 2000A and 2000A/us of the 75P60 
600V P-MCT this does NOT indicate that all devices will sur- 
vive higher than rated di/dt and surge current. 


6.3.1 DC Circuit Breaker 


A solid state DC circuit breaker is another application which 
can utilize the surge current capability and fast recovery of 
the MCT. In addition the control logic can be implemented 
using the general purpose custom MCT driver IC described 
in section 5.4.1. A 75 ampere instantaneous trip DC circuit 
breaker with 1000A interrupt capability will be described to 
illustrate the features and capability of the MCT driver IC and 
MCTs. This application utilizes developmental N-type MCTs 
fabricated at Harris Power R&D center (see section 8 for 
information on "What’s ahead for MCTs"). These N-type 
MCTs exhibited only 10A of gated loff capability. This appli- 
cation could be as effectively implemented with the commer- 
cial P-type MCT. Its lower SOA capability compared to the 
N-type device would not negatively impact the application. It 
would, however, be necessary to slightly modify the circuit to 
accept opposite polarities of the P-type device. 


Circuit breakers must be able to momentarily carry up to 10X 
to 20X rated current to handle inrush current from motor and 
lamp loads, for example. The N-type MCT used for this 
breaker application was similiar in conduction capability to 
the 75 ampere 75P60 MCT. These MCTs can easily carry 
surge current of 10X steady state rating. While the N-type 
MCT turn-off was limited to only 10 amperes, a second 
N-type MCT was used in an LC pulse circuit to commutate 
current in the first MCT. With this arrangement the breaker is 
able to interrupt fault current over 10X rated current. Of 
course the commutation circuit can be triggered to interrupt 
lower values of current. Many breakers have an inverse cur- 
rent/time trip characteristic which allows these momentary 
inrush currents to flow without tripping the breaker. That fea- 
ture could be added to the instantaneous breaker. In the cir- 
cuit to be described, the trip current level can be adjusted 
from 0.1X to over 10X steady state rated current. 


Figure 6.3.2 shows the power circuit for the DC instant trip 
breaker. MCT Q1 carries the load current. MCT Q2, capaci- 
tor C1 and inductor L1 form the commutating circuit. The 
commutating capacitor C1 is maintained charged by the iso- 
lated power supply. When excess current is sensed in the 
load shunt the auxiliary MCT Q2 is gated on. The commutat- 
ing current pulse flows from C1 through Q2, D1, and L1. 
During the time that diode D1 is conducting the main MCT 
Q1 is reversed biased. During this interval it is gated OFF. As 
the commutating current decreases voltage will increase 
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CONTROL CIRCUIT FIGURES 6.3.4 AND 6.3.5 
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FIGURE 6.3.2. POWER CIRCUIT OF DC INSTANT TRIP BREAKER 


across MCT Q1 until reactive load energy is transfered into 
the varistor. With this circuit arrangement the MCT can carry 
steady state current up to its thermal rating (~75A) and inter- 
rupt fault currents up to about 1000 amps. Because the MCT 
recovers within a few us the commutating current pulse can 
be short, minimizing the size of the commutating capacitor. 
The auxiliary MCT Q2 switches the 1700A peak commutat- 
ing current pulse. The MCTs are always gated OFF when 
they are reverse biased or carrying very low current. 


Figure 6.3.3 shows a biock diagram of the control circuit. 
Three signals (fault current, close command, commutation 
voltage) are processed to gate the main and auxiliary MCTs. 
Three LED indicators provide status indication. 


The MCTs are arranged to share a common anode 
connection allowing the driver IC’s to be electrically 
interconnected as shown in Figure 6.3.4. All of the active 
circuits needed for the instantaneous trip breaker are 
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FIGURE 6.3.3. 
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CONTROL CIRCUIT FIGURE 6.3.4 
FIGURE 6.3.4. POWER SUPPLY INTERCONNECTIONS OF MCT DRIVER ICs FOR INSTANT TRIP CIRCUIT BREAKER 
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FIGURE 6.3.5. CONTROL CIRCUIT OF INSTANT TRIP BREAKER 


implemented using the functions in two of the driver IC’s 


| described in section 5.4.1. Details of these control circuits 


are shown in Figure 6.3.5. Note that the external control 
circuits operate from the -4.7V reference. The Commutation 
Voltage Sense circuit insures that the commutation capacitor 
is charged to >500V before allowing the breaker to close. 
The Fault Current Sense circuit uses a 0.001 ohm shunt for 
sensing load current. The RLC filter reduces common mode 
noise enabling detection of the low level current signal. The 
OPEN/CLOSE command signal is coupled to the breaker 
through fiber optics. The fiber optic receiver is directly 
powered from the -4.7V bus. Two comparator circuits provide 
the latch function and the 3 input gate function. LED’s are 
driven by the comparator outputs to show breaker status. 
The two ON-channels provide gate signals for the two 
MCTs. While this breaker provides instantaneous trip on 
detecting over current, additional circuits could be added to 
provide an inverse current-time trip response. 


The waveforms in Figure 6.3.6 show operation of the breaker 
with an inductive load. When the breaker is closed its voltage 
drops to approximately 1.5V and the current increases lin- 
early. When the load current reaches 800A, the commutating 
circuit is gated to produce a 1700A commutating current 
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FIGURE 6.3.6. 


1400V, 0.2cm? N-MCT SHOWN INTERUPTING 
920A WITH 500V VARISTOR CLAMPED OVER- 
SHOOT OF 300V BUS 


8-30 


Applications 


pulse. The main MCT is gated OFF after a 2.5ys delay which 
insures that the commutating current will exceed the load 
current thereby reverse biasing the main MCT. When the 
commutating current becomes less than the load current, 
the main MCT blocks voltage and the load current decreases 
as inductive energy is transfered to the varistor clamp. 


The particular usefulness of this driver IC lies in simplifying 
the implementation of control circuits that can be combined 
with the gate signal which is ohmically connected to the 
MCT. While MCTs have turn-off capability they are nearly 
ideal thyristors and can be used to great advantage in thyris- 
tor circuits. 


6.4.0 AC Switch Circuits 


The reverse blocking voltage rating for the MCT is 5 volts. 
Thus it is necessary to utilize a series connected diode to 
provide reverse blocking voltage capability. The circuit in Fig- 
ure 6.4.1 shows how two MCTs and two diodes can be 
arranged to form an AC switch function. In this arrangement 
a single drive circuit can be used to gate both MCTs. If it is 
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A) SWITCH CURRENT AND VOLTAGE AT MODEST 
di/dt WITH ZERO TURN-ON SPIKE VOLTAGE 


OV, OA 


OV, 0A 


B) VOLTAGE SPIKE AT 27 x HIGHER di/dt 


FIGURE 6.4.2. EFFECT OF di/dt ON TURN-ON VOLTAGE 


desired to sense current through the switch, resistor R1 pro- 
vides a rectified current signal that can be used for indication 
and/or control of the switch. : 


GATING CIRCUIT 


AC SWITCH USING TWO MCTs WITH COMMON 
GATE CIRCUIT 


In most circuits the load being switched will be inductive. 
Thus some type of snubber may be necessary to control 
overshoot voltage which is developed when the MCTs are 
gated OFF. If the MCTs are gated OFF only at current zero, 
then the snubber may not be needed. When the switch is ON 
and the current goes through zero, a turn-on transient volt- 
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FIGURE 6.4.3. MCT AC SWITCH/BREAKER 
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BOTTOM: Closing at Mid-Cycle, Opeining Near Zero 
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age develops across the switch as discussed in section 
6.2.3. The waveforms in Figure 6.4.2 illustrate this turn-on 
transient for two different values of di/dt at current zero 
crossing. When the switch is used to switch low frequency 
current (60Hz for example), the turn-on transient voltage is 
small and probably not of consequence. 


When the switch is used with non-unity power factor loads 
current surges may occur. The waveforms in Figure 6.4.3 
show a leading power factor (20uF/5 ohm) load being 
switched. When closed at voltage zero crossing (top wave- 
form) no transient occurs. However, when closed mid-cycle 
(lower waveform) a relatively large inrush current occurs. 
Thus it is possible with some sensing to close the switch at 
voltage zero to eliminate leading power factor current and to 
open the switch at current zero to eliminate lagging power 
factor voltage transients. 


When the switch is part of a static circuit breaker it can be 
closed at voltage zero crossing; however, the control circuit 
must typically allow normal load inrush current to flow with- 
out tripping. When a fault current is detected the switch can 
be opened rapidly, limiting fault current, but requiring the 
switch to have I-off capability and inductive energy absorb- 
tion capability (varistor). If the anticipated fault current does 
not exceed the surge rating (1000’s of amps per MCT) of the 
Static switch then interruption can be delayed to current zero 
crossing, minimizing the need for |-off capability and induc- 
tive energy absorbtion capability. 


6.5.0 Complementary Circuits 


The 75P60 MCT is a P-type device. As such it has terminal 
polarities oppposite to N-type devices. Therefore, the oppor- 
tunity exists to use the P-MCT in combination with N-type 
power devices such as N-IGBTs or N-FETs. The P-MCT pro- 
vides superior current rating, speed and SOA compared to 
P-IGBTs, for example.. While N and P devices have different 
characteristics their use in combination provides certain 
advantages. 


Figure 6.5.1 illustrates an AC switch circuit using a P-MCT 
and an N-IGBT. Resistor R1 provides a single current signal 
to the gate circuit, should it be required to initiate or inhibit 
switch operation. The varistor V1 provides a means of limit- 
ing transient voltage across the opening switch. 


Figure 6.5.2 illustrates a DC bridge leg using a P-MCT and 
N-IGBT. This combination allows the use of a single gate cir- 
cuit and power supply for each bridge leg. The gate circuit 
must provide appropriate gating delays to avoid short circuit 
current through the two power devices. Resistor R1 provides 
a single current signal to the gate circuit, should it be 
required to initiate or inhibit switch operation. 


Hopefully, it will not be too long before N-MCTs are also 
ready for the market. 


| GATECIRCUIT | 
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FIGURE 6.5.2. DC BRIDGE LEG USNG P-MCT AND N-IGBT 
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Comparison on MCT and IGBT 


How does the MCT compare to other Power Switches? 
Where is best used? This chapter provides some general 
comparisons. The particular requirements of a specific 
circuit may heavily influence the comparison in any 
application. 


Both IGBTs and MCTs are insulated gate, field controlled 
switching devices with junction temperature ratings of 
+150°C. Comparison of the IGBT and MCT is most 
pertinent as both are merged bipolar/MOS structures and 
are applicable to power switching circuits requiring 600 Volts 
or higher Switch ratings. Both are useful at higher switching 
frequency than is generally practical with power darlingtons. 
By contrast, the characteristics or Power MOS transistors 
(majority carrier devices) sharply differentiate their preferred 
applications. 


In high power circuits the importance of efficiency can be 
most critical. While efficiency is important in minimizing the 
cost of energy, in high power circuits the removal of heat 
from only a few points of efficiency loss has a significant 
impact on the size and nature of the system packaging. 
Conduction and switching losses are therefore the first point 
of comparison. 


Conduction Voltage Drop 


The single most prominent feature of the MCT is that of low 
conduction drop, one third to one half that of the IGBT. This 
is illustrated in Figure 2.0.2 and Figure 2.0.3. Furthermore, 
the MCT conduction drop is diode like, increasing only mod- 
estly at very high peak currents. Use in circuits with high 
peak currents will not significantly worsen the average con- 
duction loss. Because the MCT is a double injection device 
(with both N and P emitters), conduction drop does not 
increase as rapidly with the blocking voltage rating as with 
IGBTs. As MOS gated switches are developed above 1000 
Volts, MCT technology will be even more advantageous. 


The conduction loss (Rdson) of Power MOS transistors is an 
exponential function of the blocking voltage rating. At the 600 
Volt level, the conduction drop per unit area of silicon is more 
than a factor of ten higher than the MCT. High voltage MOS 
transistors are competitive only in low power applications. 
However, Power MOS transistors can offer comparatively 
low conduction losses in lower voltage systems. If voltage 
drop is desirable at any cost, it is possible to operate Power 
MOS transistors at very low current density at less than the 
junction voltage drop of an MCT. 


Switching - Turn ON 


Turn on in the MCT is initiated by the gate signal but is 
completed regeneratively as in an SCR. The MCT turn on is 
fast and handles high di/dt and peak current with low turn on 
loss. The recommended gate turn on drive is stiff to ensure 
all cells share the turn on power loss uniformly. 


Turn on in IGBTs is often intentionally slowed to control the 
reverse recovery of the free wheeling diode common to 
inductive switching circuits. The IGBT can be used to limit 
high peak recovery current in the diode, but at a sacrifice in 
turn on speed and loss. With the MCT, turn on voltage drop 
is not drive circuit adjustable. If reduction in rectifier peak 
recovery current is required, small saturating inductors may 
be used in the recovery circuit. 


Turn on in the MOS transistor can be so much faster than 
for either the IGBT or the MCT that in comparable 
applications, MOS transistor switching losses would be 
negligible compared to conduction loss. 


Switching - Turn OFF 


The best of today's IGBTs can provide faster switching and 
lower loss per switch cycle than the P MCT, roughly by a 
factor of two, in clamped inductive switch circuits. Power 
MOS transistor turn off loss is the lowest among the three 
devices by a large margin. 


Total Losses 


From the above, it is clear that the device choice for lowest 
total loss is dependent on the relative proportion of 
conduction to turn off loss in the circuit. Some general 
guidelines are indicated in the section below on Applications. 


Turn Off Safe Operating Voltage (SOA) 


When turning off an inductive load, a switch circuit must 
sustain a voltage higher than the load driving voltage. Left to 
itself, the switch must sustain this voltage while conducting 
full current. The turn off safe operating area describes a 
locus of maximum permissible combinations of voltage and 
current across the switch during turn off which will not cause 
improper operation of the switch. For the P MCT, the full 
switching current is sustainable at 50% to 60% of the 
breakdown voltage rating, as are lower currents at higher 
percentages of breakdown voltage. Capacitive snubbers can 
be used to shape the combination of current and voltage 
seen by the MCT at switching voltages above 50% BV. 


The IGBT provides better turn off Safe Operating Area than 
the P Type MCT. IGBTs are generally rated for switching at 
80% of the static blocking device rating. 


Applications 


The resonant, soft switching, or zero current switching circuit 
configurations most often offer the lowest overall system loss. 
As these circuits avoid or minimize switch turn off loss, but do 
usually involve higher peak switch currents, the MCT will be 
the preferred device in such circuits, at any frequency. For 
instance, MCTs have been reported in the literature operating 
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Comparison of MCT and IGBT 


at 80KHz switching rate in 10KW inverters in this class of 
circuit. In these circuits turn off SOA is not a significant 
requirement. aa 


Active inductive switching from full current, the so called 
“Hard Switch" or PWM Circuits, may favor the IGBT, 
particularly at switching frequencies above 10KHz. In these 
circuits the lower switching loss of the IGBT can outweigh 
the lower conduction loss of the MCT. 


In PWM circuits, inductive switching usually involves 
clamping the inductive voltage rise to some sink, such as the 
DC Bus. The higher Turn Off SOA voltage of the 600 Volt 
IGBT, 480 Volts, may make it the preferred solution for DC 
bus voltages above 300 Volts to 400 Volts. With P Type 


MCTs, & higher voltage rated device or capacitive snubbers 
are reguired to allow operation at a comparable bus voltage. 


The IGBT can provide fault current limiting for a few 
microseconds in PWM circuits, allowing for the orderly shut 
down of the circuit from the gate drive. For the MCT, no such 
mechanism is available. In resonant circuits, MCT shut down 
can occur at the next current zero, or low current point. 


Pulse discharge circuits will generally favor the MCT, due to 
fast turn on speed and high peak current capability at low 
voltage drop. 


Power MOS transistors may be the only practical power 
switch at a switching frequency above 50KHz in hard switch 
circuits or 100KHz in soft switch circuits. 
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8.0 Future MCT Developments 
8.1 More “Generation 1" P-MCTs 


The first Harris MCT products are P-MCTs of 600V and, 
shortly, 1000V in a die size that can be packaged in a TO- 
218 or TO-247 5-pin plastic package. This die size results in 
about a 75A RMS rating and about a 120A turn-off current 
capability at +150°C. Harris plans call for an MCT of about 
half this size and, given enough interest, an even smaller die 
size that can be packaged in a TO-220 package. 


Development efforts include wider ranges of voltage rating - 
first asymmetric MCTs down to perhaps as low as 200V and 
as high as 1600V and, later, high voltage MCTs for what are 
now typically thyristor and GTO circuits. Such high voltage 
P-MCTs have been described in several papers including 
reference 8.1. Figure 8.1.1 and Figure 8.1.2 are reproduced 
from that paper to illustrate our initial capability (in R&D 
devices) of 2500V. 


8.2 Generation 2 P-MCTs 


Generation 2 P-MCTs have been made at Harris’ Power 
R&D Center that push the present P-MCT twice as close to 
the diode in the physics-dominated trade-off between break- 
down voltage vs forward drop vs switching speed. Details of 
design and process change are, of course, proprietary but 
the bottom line is that one can expect a generation 2 P-MCT 
to have an additional 100 volts in SOA and to have between 
2 and 3 times lower turn-off losses. Figure 8.2.1 shows some 
recent turn-off energy measurements on an R&D generation 
2 P-MCT. 
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FIGURE 8.1.1. MEASURED vs MODELED FORWARD VOLTAGE 
(1cm? Active Area, >3000V Asymmetric P-MCT) 


Figure 8.2.2 is a snapshot comparing switching losses at 
+75°C and +150°C for snubbers from OF to 1F and cur- 
rents to 120A for a typical generation 1 600V P-MCT com- 
pared to an early generation 2 600V P-MCT lot of the same 
breakdown voltage and similar die size. Unsnubbered and at 
very low snubber value the improvement is more than a fac- 
tor of 2. At modest snubber value (0.05uF an 0.1F) it is 
closer to a factor of 4. For larger snubbers and, obviously, for 
most resonant circuits the improvement is even greater. 


8.3 N-MCT Development 


N-MCT versions of almost all of our P-MCTs have been fab- 
ricated at Harris Power R&D to analyze the potential for a 
commercial product. At this time we have produced and 
delivered N-MCTs for various applications, all of which 
required little or no turn-off capability. This has included 
1400V devices for 1000A, 1000V capacitor discharge cir- 
cuits and 600V devices for zero current soft switched circuits 
with peak currents of about 800A. 


As our P-MCTs have increased in turn-off capability from 
one or two hundred amperes per centimeter squared to 
more than 400A/cm? our N-MCTs have kept pace at about 1/ 
2 to 1/3 of that value and now can be rated at about 150A/ 
cm2 in peak turn-off current density at +150°C. Note that 
with the MCTs low forward drop that this is less than the 
device’s RMS current rating. This lack of peak turn-off capa- 
bility has kept us from as aggressively pursuing the N-MCT. 
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FIGURE 8.2.1. TYPICAL GENERATION 2 600V PMCT TURN-OFF ENERGY AS A FUNCTION OF SNUBBER CAP. AND CURRENT 


However, as cell size and geometries become finer, turn-off 
Capability will improve correspondingly and N-MCTs will be 
produced that, with their 2 times lower switching loss and 
30% higher (more at high voltage) SOA, will displace P- 
MCTs and those N-IGBT’s that our present P-MCTs cannot 
replace. 


8.4 MCT Driver Ic 


In section 5 and section 6 an MCT driver IC was used to 
gate an MCT and, with some of its added functions, to imple- 
ment an autonomous circuit breaker. The driver IC referred 
to was produced using a standard Harris process on that 
process’ production line. From our own experience we have 
found that IC extremely valuable. Referring back to section 5, 
the driver IC has a voltage range of -12V to +35V with 
respect to the “A” terminal and has an output impedance in 
the neighborhood of 2 ohms. The inputs are all comparators 
with a wide dynamic range. The IC supports all types of 
OPTO-couplers both as receivers and senders and has a 
4.7V regulated supply to power IC’s if more “smarts” are 
necessary at the device. There is an on-board charge pump 
and an on-board zener inat, within timits, allows one to 
power the IC using a dropping resistor from the MCT cath- 


ode supply. Our IC also includes latched and unlatched 
channels as well as minimum on-time and minimum off- 
times that can be set with external capacitors. Our present 
die is less than 200 mils on a side and for full function needs 
24 pins. As just a driver, however, 6 or 7 pins are sufficient 
and we have looked at some MCT driver ICs in 7 pin TO-218 
packages. 


8.5 MCT Modules 


MCT modules of up to 12 parallel devices, each of.4 cm2 
active area, have been built and tested for various develop- 
ment contracts. Currently Harris is assessing 4 MCT & 2 
diode and 6 MCT modules in a compact plastic module as 
well as industry outline modules in various current ratings. 
Harris will consider providing similar modules to other cus- 
tomers. 


Although MCTs parallel reasonably well, their low forward 
drop and high current capability require one to be careful in 
selecting devices of the same forward drop and similar turn- 
off time and then to be very symmetric with stray impedance. 
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GENERATION 1 600V P-MCT 
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8.6 Development Timetable 


In summary, P-MCTs will also improve in switching capability 
in both SOA and turn-off time, bettering N-IGBTs in speed 
and turn-off loss and being at less of a disadvantage in hard 
switched SOA. 


N-MCTs will begin to become available but with about half 
the peak turn-off current capability of P-MCTs. However, 
both P-MCTs and N-MCTs will be improving in that charac- 
teristic as improved process capability allows denser off-FET 
channel structure. 


MCTs will go to high currents paralleled in modules of up to 
hundreds of amperes. These modules will first be dumb 
modules but will later contain some smarts with driver ICs 
such as that described in section 8.4 above. 
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APPLICATION 


The timetable for these developments depends on 
resources. 


References 


[1]. V.A.K. Temple et al, “Megawatt MOS Controlled Thyristor 
for High Voltage Power Circuits”, IEEE PESC, Toledo, 
Spain, June 29-July 3, 1992, pp 1018-1025 (92CH3163-3) 


8-37 


MCT Reference List and Bibliography 


The following is a list of references which is applicable to 
MCT technology. It is listed chronologically and a table sort- 
ing the references by topic is provided at the end. A refer- 
ence may appear in more than one topic category, not all 
topics have references associated with them to date. 


[1] 


[2] 


[3] 


[4] 


[5] 


[6] 


[7] 


[8] 


[9] 


[10] 


[11] 


[12] 


V. Temple, “MOS Controlled Thyristor,” IEDM Technical 
Digest, Abstract 10.7, pp. 282-285, (1984) 


M. Stoisiek, H. Strack, “MOS GTO A Turn Off Thyristor 
with MOS Controlled Emitter Shorts,” IEDM Technical 
Digest, pp. 158-161 (1985) 


V. Temple and D. Pattanayak, “On-State Characteristics 
of the MOS Controlled Thyristor (MCT),” 44th Annual 
Device Research Conference, Amherst Massachu- 
setts, June (1986) 


V. Temple “MOS-Controlled Thyristors a New Class of 
Power Devices,” IEEE Transactions on Electron 
Devices, vol. 33, No. 10, pp. 1609-1618, October 
(1986) 


V. Temple and W. Tantraporn, “Effect of Temperature 
and Load on MCT Turn-Off Capability” IEEE Interna- 
tional Electron Devices Meeting Digest, Abstract 5.5, 
pp. 118-121 (1986) 


M. Stoisiek, D. Theis “Turn-On Principles of the MOS- 
GTO,” IEEE Transactions on Power Electronics, Vol. 
PE-2, No. 4, pp. 362-366, October (1987) 


V. Temple, “Power Device Evolution and the MOS-Con- 
trolled Thyristor,” Power Conversion & Intelligent 
Motion, pp. 23-29, November (1987) 


M. Stoisiek, M. Beyer, W. Kiffe, H. Schultz et al “A 
Large Area MOS-GTO with Wafer Repair Technique,” 
IEEE International Electron Devices Meeting Digest, 
Abstract 29.3, pp. 666-669 (1987) 


F. Goodenough “MOS Controlled Thyristor - A New 
Breed of Power Semiconductor,” Electronic Design, 
pp.57-66, November (1988) 


L. Bovino, S. Schneider, J. Wright “The MOS Controlled 
Thyristor (MCT) as an On-Off Capacitor Bank Switch,” 
Proceedings of the 8th Pulse Power Conference, June 
(1989) 


V. Temple, “Advances in MOS Controlled Thyristor 
Technology and Capability,” Proceedings of Power 
Conversion and Intelligent Motion Conference, pp. 544- 
554 (1989) 


R. King, A. Radun, H. Chang, J. Rulison, “Numerical 
and Experimental Comparisons of Power Darlington, 
IGBT, and MCT Device as a Switch for Adjustable 
Speed PWM Inverter Drive Applications” Proceedings 
of Power Conversion and Intelligent Motion Conier- 
ence, pp. 238-248 (1989) 


[13] 


[14] 


[15] 


[16] 


[17] 


[18] 


[19] 


[20] 


[21] 


[22] 


[23] 


[24] 


8-38 


S. Sul, F. Profumo, G. Cho, T. Lipo “MCTs and IGBTs: a 
Comparison of Performance in Power Electronic Cir- 
Cuits,” 1989 IEEE Power Electronics Specialists Annual 
Conference, pp. 163-169 (1989) 


J. Hudgins, D. Blanco, S. Menhart, W. Portnoy “Com- 
parison of the MCT and MOSFET for a High Frequency 
Inverter,” Conference Record of 1989 IEEE Industry 
Applications Society Annual Meeting, pp. 1255-1259 
(1989) 


A. Aemmer, F. Bauer, J. Burgler, W. Fichtner et al, 
“Multi-dimensional Simulation of MCT Structures,” 
IEEE ISPSD 90 Tecnical Digest, pp. 20-25, (1990) 


F. Jones, C. Kerfoot, R. Kemerer, C. Carter “Ten Kilo- 
watt Self Commutated Resonant Inverter using MOS 
Controlled Thyristors,” Applied Power Electronics Con- 
ference, pp. 659-667, (1990) 


R. Pastore, C. Braun, M. Weiner, S. Schneider “Devel- 
opmental MOS Controlled Thyristors (MCT) Behavior,” 
IEEE 19th Power Modulator Symposium, pp. 391-399 
(1990) 


H. Chang, A. Radun “Performance of 500V, 450A Par- 
allel MOS-Controlled Thyristors (MCTs) in a Resonant 
DC-Link Circuit”) Conference Record of 1990 IEEE 
Industry Applications Society Annual Meeting, pp. 
1613-1617 (1990) 


C. Braun “Circuit Level Modeling of MOS Controlled 
Thyristors,” IEEE 19th Power Modulator Symposium 
(1990) 


T. Jahns, R. De Doncker, J. Wilson, V. Temple, D. 
Waters “Circuit Utilization Characteristics of MOS- 
Controlled Thyristors,” IEEE Transactions on Industry 
Applications, Vol 27, No. 3, pp. 589-597, May/June 
(1991) 


R. Pastore, C. Braun, M. Weiner, S. Schneider “Char- 
acterization of 3000 Volt MOS Controlled Thyristors,” 
Proceedings of the 8th IEEE Pulse Power Conference, 
pp. 196-199, June (1991) 


C. Braun, R. Pastore “Progress Towards an MCT 
Based 100+ KW High Frequency Inverter,” 8th IEEE 
Pulse Power Conference, June (1991) 


F. Bauer, E. Halder, K. Hafmann, H. Haddon et al 
“Design Aspects of MOS-Controlled Thyristor Ele- 
ments: Technology, Simulation, and Experimental 
Results,” EEE Transactions on Electron Devices, voi. 
38, No. 7, pp. 1605-1611, July (1991) 


Q. Huang, G. Amaratunga “Analysis of N-Channel 
MOS-Controiled Thyristors,” IEEE Transactions on 
Electron Devices, vol. 38, No. 7, pp. 1612-1618, July 
(1991) 


MCT Reference List and Bibliography 


[25] F. Bauer, H. Haddon, T. Stockmeier, W. Fichtner, R. 
Vuilleumier, J. Moret “Optimization of Cathode Struc- 
tures for Improved Performance of MOS Controlled 
Thyristors (MCT),” Joint Proceedings of the European 
Conference on Power Electronics and Applications and 
the Symposium on Materials and Devices for Power 
Electronics, MADEP 91, pp. 270-275, (1991) 


[26] W. Fichtner, J. Burgler, H. Dettmer, H. Lendenmann, S. 
Muller “Turn Off Behavior of Structured MCT Cells,” 
Joint Proceedings of the European Conference on 
Power Electronics and Applications and the Sympo- 
sium on Materials and Devices for Power Electronics, 
MADEP 91, pp. 258-261, (1991) 


[27] C. Ronsisvalle, G. Ferla, P. Zani “High Power MOS 
Controlled Thyristor Using the Parallel Contacting 
Technology for Devices on the Same Wafer,” Joint Pro- 
ceedings of the European Conference on Power Elec- 
tronics and Applications and the Symposium on 
Materials and Devices for Power Electronics, MADEP 
91, pp. 267-269, (1991) 


{28] R. De Doncker, O. Demirci, S. Arthur, V. Tempie, “Char- 
acteristics of GTO’s and High Voltage MCT’s in High 
Power Soft Switching Converters,” Conference Record 
of 1991 IEEE Industry Applications Society Annual 
Meeting, pp. 1539-1545 (1991) 


[29] H. Lendenmann, H. Dettmer, W. Fichtner, B. Baliga et 
al, “Switching Behavior and Current Handling Capabil- 
ity of MCT-IGBT Cell Ensembles”, EEE International 
Electron Devices Meeting Digest, pp. 149-152 (1991) 


[30] S. Momota, M. Otsuki, K. Sakuri “Double Gate MOS 
Device Having IGBT and MCT Performances,” Pro- 
ceedings of 1992 International Symposium on Power 
Semiconductor Devices & ICs, pp. 22-27, May (1992) 


[31] D. Czarkowski, M. Kazimierczuk “Expression for I-V 
Forward Characteristic of MCTs,” Proceedings of 1992 
International Symposium on Power Semiconductor 
Devices & ICs, pp. 22-27, May (1992) 


M. Stoisiek, K. Oppermann, R. Stengl “A 400 A/2000 V 
MOS-GTO with Improved Cell Design,” IEEE Transac- 
tions on Electron Devices, vol. 39, No. 6, pp. 1521- 
1528, June (1992) 


[33] R. De Doncker, T. Jahns, A. Radun, D. Watrous, V. 
Temple, “Characteristics of MOS-Controlled Thyristors 
under Zero Voltage Soft-Switching Conditions,” IEEE 
Transactions on Industry Applications, Vol 28, No. 2, 
pp. 387-394, March/April (1992) 


{34] B. Bose “Evaluation of Modern Power Semiconductor 
Devices and Future Trends of Converters,” IEEE Trans- 
actions on Industry Applications, Vol 28, No. 2, pp. 403- 
413, March/April (1992) | 


[32 


Srcccall 


[35] C. Braun, J. Carter “Progress Towards a MCT Based 
High Frequency Capacitor Power Supply,” Proceedings 
of 1992 International Symposium on Power Semicon- 
ductor Devices & ICs, May (1992) | 


{36] F. Bauer, T. Stockmeier, H. Lendenmann, H. Dettmer, 
W. Fichtner “Static and Dynamic Characteristics of 
High Voltage (3.5 kV) IGBT and MCT Devices,” Pro- 
ceedings of 1992 International Symposium on Power 
Semiconductor Devices & ICs, pp. 22-27, May (1992) 


[37] K. Khan Afridi, Parallel Operation and Failure Mecha- 
nisms of MOS Controlled Thyristors, Masters Thesis, 
Department of Electrical Engineering and Computer 
Science, Massachusetts Institute of Technology, June 
(1992) 


[38] V. Temple, S. Arthur, D. Watrous, R. De Doncker, H. 
Mehta “Megawatt MOS Controlled Thyristor for High 
Voltage Power Circuits,” 1992 IEEE Power Electronics 
Specialists Conference, pp. 1018-1025, June (1992) 


[39] S. Arthur, V. Temple, D. Watrous, “Forward Blocking 
Comparison of P and N MCTs," accepted for publica- 
tion in Conference Record of 1992 IEEE Industry Appili- 
cations Society Annual Meeting, Oct. (1992) 


| TOPICS REFERENCE # : 


| Device Physics & Design | 1, 2,3, 4,5, 6, 7,8, 9, 11, 15, 23, | 

! | 24, 25, 26, 27, 29, 30, 31, 32, 39 

| Hard Switching Applica- sf | 
tions 


Soft Switching Applications | 16, 28, 33, 35, 39 


17, 18, 20, 21, 22, 37 | 


| Device Characterization & 
Series/Parallel Operation 


| AC Applications 


fe 
| Power Devices | 


8-39 


APPLICATION — 
NOTES 


Harris Semiconductor 


HIN 
mitt 
He 
r 
mtn 


Ce 
ad 
eee 
ed 
nae 
eemenemeacase 
Oe and 
—me 
‘acre. 
——aee 
EES 
ee 
— 
— 
— 


| 


Harris Power MOSFETs 
UNDERSTANDING POWER MOSFETs 


Author: Tom McNulty 


No. AN7244.2 september 1993 


Power MOSFETs (Metal Oxide Semiconductor, Field Effect 
Transistors) differ from bipolar transistors in operating 
principles, specifications, and performance. In fact, the 
performance characteristics of MOSFETs are generally 
superior to those of bipolar transistors: significantly faster 
switching time, simpler drive circuitry, the absence of a 
second-breakdown failure mechanism, the ability to be 
paralleled, and stable gain and response time over a wide 
temperature range. This note provides a basic explanation of 
general MOSFET characteristics, and a more thorough 
discussion of structure, thermal characteristics, gate 
parameters, operating frequency, output characteristics, and 
drive requirements. 


General Characteristics 


A conventional n-p-n bipolar power transistor is a current- 
driven device whose three terminals (base, emitter, and 
collector) are connected to the body by silicon contacts. 
Bipolar transistors are described as minority-carrier devices 
in which injected minority carriers recombine with majority 
carriers. A drawback of recombination is that it limits the 
device's operating speed. And because of its current-driven 
base-emitter input, a bipolar transistor present a low-imped- 
ance load to its driving circuit. In most power circuits, this 
low-impedance input requires somewhat complex drive 
Circuitry. 


By contrast, a power MOSFET is a voltage-driven device 
whose gate terminal, Figure 1(a), is electrically isolated from 
its silicon body by a thin layer of silicon dioxide (SiO,). As a 
majority-carrier semiconductor, the MOSFET operates at 
much higher speed than its bipolar counterpart because 
there is no charge-storage mechanism. A positive voltage 
applied to the gate of an n-type MOSFET creates an electric 
field in the channel region beneath the gate; that is, the 
electric charge on the gate causes the p-region beneath the 
gate to convert to an n-type region, as shown in Figure 1(b). 
This conversion, called the surface-inversion phenomenon, 
allows current to flow between the drain and source through 
an n-type material. In effect, the MOSFET ceases to be an 
n-p-n device when in this state. The region between the 
drain and source can be represented as a resistor, although 
it does not behave linearly, as a conventional resistor would. 
Because of this surface-inversion phenomenon, then, the 
operation of a MOSFET is entirely different from that of a 
bipolar transistor, which always retain its n-p-n characteristic. 


Ry virtue of its electrically-isolated agate. a MOSFET is 
described as a high-input impedance, voltage-controlled 
device, whereas a bipolar transistor is a low-input-imped- 
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ance, current-controlled device. As a _ majority-carrier 
semiconductor, a MOSFET stores no charge, and so can 
switch faster than a bipolar device. Majority-carrier semicon- 
ductors also tend to slow down as temperature increases. 
This effect, brought about by another phenomenon called 
carrier mobility (where mobility is a term that defines the 
average velocity of a carrier in terms of the electrical field 
imposed on it) makes a MOSFET more resistive at elevated 
temperatures, and much more immune to the thermal- 
runaway problem experienced by bipolar devices. 


A useful by-product of the MOSFET process is the internal 
parasitic diode formed between source and drain, Figure 
1(c). (There is no equivalent for this diode in a bipolar 
transistor other than in a bipolar darlington transistor.) Its 
characteristics make it useful as a clamp diode in inductive- 
load switching. 


ALUM SOURCE GATE 


' p CONVERTED 
TO n CHANNEL 


(b) (c) 


FIGURE 1. THE MOSFET, A VOLTAGE-CONTROLLED DEVICE 
WITH AN ELECTRICALLY ISOLATED GATE, USES 
MAJORITY CARRIERS TO MOVE CURRENT FROM 
SOURCE TO DRAIN (A). THE KEY TO MOSFET 
OPERATION IS THE CREATION OF THE INVER- 
SION CHANNEL BENEATH THE GATE WHEN AN 
ELECTRIC CHARGE IS APPLIED TO THE GATE 
(B). BECAUSE OF THE MOSFETs CONSTRUC- 
TION, AN INTEGRAL DIODE IS FORMED ON THE 
DEVICE (C), AND THE DESIGNER CAN USE THIS 
DIODE FOR A NUMBER OF CIRCUIT FUNCTIONS. 
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Structure 


Harris Power MOSFETs are manufactured using a vertical 
double-diffused process, called VDMOS or simply DMOS. A 
DMOS MOSFET is a single silicon chip structured with a 
large number of closely packed, hexagonal cells. The 
number of cell varies according to the dimensions of the 
chip. For example, a 120-mil* chip contains about 5,000 
cells; a 240-mil? chip has more than 25,000 cells. 


One of the aims of multiple-cells construction is to minimize 
the MOSFET parameter rpson), Or resistance from drain to 
source, when the device is in the on-state. When fpsion) is 
minimized, the device provides superior power-switching 
performance because the voltage drop from drain to source 
is also minimized for a given value of drain-to-source current. 


Since the path between drain and source is essentially 
resistive, because of the surface-inversion phenomenon, 
each ceil in the device can be assumed to contribute an 
amount, Ry, to the total resistance. An individual cell has a 
fairly low resistance, but to minimize fpgon), it is necessary 
to put a large number of cells in parallel on a chip. In general, 
therefore, the greater the number of paralleled cells on a 
chip, the lower its fpg¢ony Value: 


TpS(ON) = Ry/N, where N is the number of cells. 


3000 
Rext 
1000 
DS(ON) RCHAN 
Reutk 


TDS(ON) (MQ) 


100 


30 100 1000 


FIGURE 2. THE DRAIN-TO-SOURCE RESISTANCE (Ipsyony OF 
A MOSFET IS NOT ONE BUT THREE SEPARATE 
RESISTANCE COMPONENTS) 


TABLE 1. PERCENTAGE RESISTANCE COMPONENTS FORA 
TYPICAL CHIP 


ee ee 
[Rowme. | 50m | om | 2am 


In reality, 'ps(on) is composed of three separate resistances. 
Figure 2 shows a curve of the three resistive components for 
a single cell and their contributions to the overall value of 
Tps(ony: The value of rpgjon) at any point of the curve is 
found by adding the values of the three components at that 
point: 


Tps(on) = Reutk + Roan + Rexr 


where Ropyan represents the resistance of the channel 
beneath the gate, and Rey includes all resistances resulting 
from the substrate, solder connections, leads, and the 
package. Reu_x represents the resistance resulting from the 
narrow neck of n material between the two players, as 
shown in Figure 1(a), plus the resistance of the current path 
below the neck and through the body of the device to the 
drain. 


Note in Figure 2 that Rowan and Rexr are completely inde- 
pendent of voltage, while Ray, is highly dependent on 
applied voltage. Note also that below about 150 volts, 
Tps(on) is dominated by the sum of Rowan and Rex7. Above 
150 volts, fps;ony is increasingly dominated by Rey.k. Table 
1 gives a percentage breakdown of the contribution of each 
resistance for three values of voltage. 


Two conclusions, inherent consequences of the laws of 
semiconductor physics, and valid for any DMOS device, can 
be drawn from the preceding discussion: First, tpsjon) 
obviously increases with increasing breakdown-voltage 
capability of a MOSFET. Second, minimum fpson) 
performance must be sacrificed if the MOSFET must with- 
stand ever-higher breakdown voltages. 


The significance of Raut in devices with a high voltage 
capability is due to the fact that thick, lightly doped epi layers 
are required for the drain region in order to avoid producing 
high electric fields (and premature breakdown) within the 
device. And as the epi layers are made thicker and more 
resistive to support high voltages, the bulk component of 
resistance rapidly increases (see Figure 2) and begins to 
dominate the channel and external resistance. The fpsion) 
therefore, increases with increasing breakdown voltage 
capability, and low rpgony Must be sacrificed if the MOSFET 
is to withstand even higher breakdown voltages. 


There is a way around these obstacles. The fpgiony in Figure 
2 holds only for a relatively small chip. Using a larger chip 
results in a lower value for fps(qny because a large chip has 
more cells (See Figure 3). A larger chip also increases 
MOSFET breakdown voltage capability. 


The penalty for using a larger chip, however, is an increase 
in cost, since chip size is a major cost factor. And because 
chip area increases exponentially, not linearly, with voltage, 
the additional cost can be substantial. For example, to obtain 
@ given rpsion) at a breakdown voltage twice as great as the 
original, the new chip requires an area four or five times 
larger than the original. Although the cost does not rise 
exponentially, it is substantially more than the original cost. 
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SMALLEST 
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FIGURE 3. AS CHIP SIZE INCREASES, rpsjon) DECREASES, & 
VOLTAGE HANDLING CAPABILITY INCREASES 


400 500 600 


Effects of Temperature 


The high operating temperatures of bipolar transistors area 
frequent cause of failure. The high temperatures are caused 
by hot-spotting, the tendency of current in a bipolar device to 
concentrate in areas around the emitter. Unchecked, this 
hot-spotting results in the mechanism of thermal runaway, 
and eventual destruction of the device. MOSFETs do not 
suffer this disadvantage because their current flow is in the 
form of majority carriers. The mobility of majority carriers 
(where, again, mobility is a term that defines the average 
velocity of a carrier in terms of the electrical field imposed on 
it) is temperature dependent in silicon: mobility decreases 
with increasing temperature. This inverse relationship 
dictates that the carriers slowdown as the chip gets hotter. In 
effect, the resistance of the silicon path is increased, which 
prevents the concentrations of current that lead to hot spots. 
In fact, if hot spots do attempt to form in a MOSFET, the local 
resistance increases and defocuses or spreads out the 
current, rerouting it to cooler portions of the chip. 


Because of the character of its current flow, a MOSFET has 
a positive temperature coefficient of resistance, as shown by 
the curves of Figure 4. 


4 


Ip = 4A 
Veg = 10V 


psn) (2) 


-50 0 50 100 150 
JUNCTION TEMPERATURE - Ty (°C) 


200 


FIGURE 4. MOSFETs HAVE A POSITIVE TEMPERATURE CO- 
EFFICIENT OF RESISTANCE, WHICH GREATLY 
REDUCES THE POSSIBILITY OF THERMAL RUN- 
AWAY AS TEMPERATURE INCREASES 


The positive temperature coefficient of resistance means 
that a MOSFET is inherently stable with temperature 
fluctuation, and provides its own protection against thermal 
runaway and second breakdown. Another benefit of this 
characteristic is that MOSFETs can be operated in parallel 
without fear that one device will rob current from the others. 
If any device begins to overheat, its resistance will increase, 
and its current will be directed away to cooler chips. 


Gate Parameters 


To permit the flow of drain-to-source current in an n-type 
MOSFET, a positive voltage must be applied between the 
gate and source terminals. Since, as described above, the 
gate is electrically isolated from the body of the device, 
theoretically no current can flow from the driving source into 
the gate. In reality, however, a very small current, in the 
range of tens of nanoamperes, does flow, and is identified on 
data sheets as a leakage current, Igsgs. Because the gate 
current is so small, the input impedance of a MOSFET is 
extremely high (in the megohm range) and, in fact, is largely 
capacitive rather than resistive (because of the isolation of 
the gate terminal). 


Figure 5 illustrates the basic input circuit of a MOSFET. The 
elements are equivalent, rather than physical, resistance, R, 
and capacitance, C. The capacitance, called Cygg on 
MOSFET data sheets, is a combination of the device's 
internal gate-to-source and gate-to-drain capacitance. The 
resistance, R, represents the resistance of the material in 
the gate circuit. Together, the equivalent R and C of the input 
circuit determine the upper frequency limit of MOSFET 
operation. 


Ciss 


FIGURE 5. A MOSFETs SWITCHING SPEED IS DETERMINED 
BY ITS INPUT RESISTANCE R AND ITS INPUT 
CAPACITANCE Cycs 


Operating Frequency 


Most DMOS processes develop the polysilicon gate 
structure rather than the older metal-gate type. If the 
resistance of the gate structure (R in Figure 5) is high, the 
switching time of the DMOS device is increased, thereby 
reducing its upper operating frequency. Compared to a metal 
gate, a polysilicon gate has a higher gate resistance. This 
property accounts for the frequent use of metal-gate 
MOSFET in high-frequency (greater than 20MHz) 
applications, and polysilicon-gate MOSFETs in higher-power 
but lower-frequency systems. 


Since the frequency response of a MOSFET is controlled by 
the effective K and © of its gaie ierminai, a rough estimate 
can be made of the upper operating frequency from 
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datasheet parameters. The resistive portion depends on the 
sheet resistance of the polysilicon-gate overlay structure, a 
value of approximately 20W/U). But whereas the total R 
value is not found on datasheets, the C value (Cjgs) is; it is 
recorded as both a maximum value and in graphical form as 
a function of drain-to-source voltage. The value of Cisg is 
closely related to chip size; the larger the chip, the greater 
the value. Since the RC combination of the input circuit must 
be charged and discharged by the driving circuit, and since 
the capacitance dominates, larger chips will have slower 
switching times than smaller chips, and are, therefore, more 
useful in lower-frequency circuits. In general, the upper 
frequency limit of most power MOSFETs spans a fairly broad 
range, from 1MHz to 10MHz. 


Output Characteristics 


Probably the most used MOSFET graphical data is the 
output characteristics or plot of drain-to-source voltage (Vps) 
as a function of drain-to-source current (Ip). A typical 
characteristic, shown in Figure 6, gives the drain current that 
flows at various Vpg values as a function of the gate-to- 
source voltage (gs). The curve is divided into two regions: a 
linear region in which Vps is small and drain current 
increases linearly with drain voltage, and a saturated region 
in which increasing drain voltage has no effect on drain 
current (the device acts as a constant-current source). The 
current level at which the linear portion of the curve joins 
with the saturated portion is called the pinch-off region. 


Drive Requirements 


When considering the Ves level required to operate a 
MOSFET, note, from Figure 6, that the device is not turned 
on (no drain current flows) unless Veg is greater than a 
certain level (called the threshold voltage). In other words, 
the threshold voltage must be exceeded before an apprecia- 
ble increase in drain current can be expected. Generally Ves 
for many types of DMOS devices is at least 2V. This is an 
important consideration when selecting devices or designing 
circuits to drive a MOSFET gate: the gate-drive circuit must 
provide at least the threshold-voltage level, but preferably, a 
much higher one. 


As Figure 6 shows, a MOSFET must be driven by a fairly 
high voltage, on the order of 10V, to ensure maximum 
saturated drain-current flow. However, integrated circuits, 
such as TTL types, cannot deliver the necessary voltage 
levels unless they are modified with external pull-up 
resistors. Even with a pull-up to 5V, a TTL driver cannot fully 
saturate most MOSFETs. Thus, TTL drivers are most 
suitable when the current to be switched is far less than the 
rated current of the MOSFET. CMOS ICs can run from 
supplies of IOV, and these devices are capable of driving a 
MOSFET into full saturation. On the other hand, a CMOS 
driver will not switch the MOSFET gate circuit as fast as a 
TTL driver. The best results, whether TTL or CMOS ICs 
provide the drive, are achieved when special buffering chips 
are inserted between the IC output and gate input to match 
the needs of the MOSFET gate. 


PULSE TEST 


PULSE DURATION = 80yS 
DUTY CYCLE < 2% 


Te = +25°C Vg = 6V 


DRAIN CURRENT - Ip (A) 
an 


|) << aE GE EE LE GT Res 
0 2 4 6 8 10 12 14 


DRAIN-TO-SOURCE VOLTAGE - Vpg (V) 
FIGURE 6. MOSFETs REQUIRE A HIGH INPUT VOLTAGE (AT 


LEAST 10V) IN ORDER TO DELIVER THEIR FULL 
RATED DRAIN CURRENT 
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SWITCHING WAVEFORMS OF THE L?FET: 
A 5 VOLT GATE-DRIVE POWER MOSFET 


Author: C. Frank Wheatley, Jr. and Harold R. Ronan, Jr. 


The switching waveforms of a newly announced series of 
power MOSFET devices called Logic Level FETs (L2FETs) 
and featuring a 5V gate drive are presented and contrasted 
with those of the more conventional 10V gate drive devices. 
A new method of characterizing MOSFET switching perfor- 
mance is discussed in which the MOSFET is treated as a 
vertical JFET driven in cascade from a low voltage lateral 
MOS. The 2:1 advantage in rise and fall time and the 4:1 
reduction in switching ne Visary dissipation with con- 
stant drive power of the L2FET over the 10V MOSFET are 
demonstrated and discussed 


Background 


A new Series of power MOSFET devices called Logic Level 
FETs, or L?FETs, is compatible with the 5V power supply 
used for logic circuitry. L?FETs retain the on resistance, 
drain current, and blocking voltage ratings of their 10V pre- 
decessors, but operate from a much less costly 5V supply. 


The reduction in gate drive voltage is the result of halving the 
thickness of the gate insulator from the industry standard 
100nm to 50nm (500A). Since the surface inversion of the 
MOS channel is determined by the gate insulator voltage 
field, halving the insulator thickness halves the applied gate 
voltage without compromising drain characteristics. 


The apparent conclusion from a study of the switching wave- 
forms of the new device that halving the gate oxide thickness 
would double the gate capacitance and halve the switching 
speed does not prove true. Measurements demonstrate 
empirically a 2:1 increase in switching speed for the L?FET 
over its 100nm predecessor, where gate drive power is the 
same for both devices. The “dynamic Vigar)” dissipation is 
lowered by a factor of four. The apparent anomalies are 
explained with the aid of a new method of switching charac- 
terization developed by treating the power MOSFET as a 
grounded gate, depletion mode, vertical JFET driven in cas- 
cade by a grounded source, enhancement mode, lateral 
MOS. The waveforms and switching characterization meth- 
ods are described in detail below. 


L?FET Characteristics Compared to Standard Types - 
A Brief Review 


Thirty-two different power MOSFETs of the L?FET structure 
have been announced. These devices were designed to be 
totally interchangeable with the standard power MOSFET 
with respect to output characteristics, while offering twice the 


Copyright © Harris Corporation 1992 


gate sensitivity, as shown in Figures 1, 2, and 3, which are 
comparisons of the industry standard RFM10N15 with its 
Logic Level FET counterpart, the RFM10N15L. (Although 
the L suffix notation in the type number will ultimately be 
valid for the entire product matrix, the L?FET product cur- 
rently available is limited to n-channel devices handling 200V 
or less, with 15A ratings or less.) 


10 fs 


vos)” RFM10N15 
Zoek Va = 6(3)V RFM10N15L 
Sf Vg = 5(2.5)V 
_ 
> 6 
Lu P 
ce ws 
e 
O 4 
z & Vg = 4(2)V 
2 | YG ( 
O 25 


0 30 60 90 
DRAIN VOLTAGE (Vp) (V) 


FIGURE 1. DRAIN CURRENT vs. DRAIN VOLTAGE CURVES 
FOR REPRESENTATIVE STANDARD AND L?FET 
DEVICES 


120 150 


-RFM10N15 
RFM10N15L 


Vg = 9(4.5)V 
Vg = 7(3.5)V 
Vg = 6(3)V 

Vg = 5(2.5)V 


DRAIN CURRENT (Ip) (A) 


0 2 4 6 8 10 
DRAIN VOLTAGE (Vp) (V) 


FIGURE 2. DRAIN CURRENT vs. LOW DRAIN VOLTAGE 
CURVES FOR REPRESENTATIVE STANDARD 


AND L?FET DEVICES DEMONSTRATING THAT 
Ron HAS NOT BEEN SACRIFICED IN THE L2FET 


Figures 1 and 2 are plots of drain current versus drain volt- 
age with gate voltage as the running parameter. The L2FET 
gate voltage is in parenthesis. The low drain voltage curves 
of Figure 2 demonstrate that ROW nas not Deen sacrificed in 
the L°FET. Figure 3 is the transfer characteristic comparison 
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for three different temperatures. The abscissa has two 
scales to reflect the different gate sensitivities; again, L val- 
ues are in parenthesis. It is evident from the curve that: 


1. The threshold voltage is scaled down by a factor of two for 
the L?FET. 


2. The threshold voltage temperature coefficient in mV/°C is 
scaled down. 


3. The current level for zero temperature coefficient is un- 
changed. 


4. The transconductance is scaled up by a factor of two. 


All other L?FETs have similar relationships to their respec- 
tive predecessors. 


TEMP = -40°C 
TEMP = +25°C 


RFM10N15 
RMF10N15L 


VpRAIN = 10V . 


DRAIN CURRENT + (Ip) (A) 


2 4 6 
(1) (2) (3) (4) 
GATE VOLTAGE (Vg) (V) 


FIGURE 3. TRANSFER CHARACTERISTIC 


Switching Waveforms with Conventional 
Drive 


The first concern when comparing devices with such a large 
difference of transfer sensitivity is one of “other things being 
equal”. If the standard device is driven between zero and ten 
volts with an Re of 25Q, impedance transformation dictates 
that the L?FET should be driven between zero and five volts 
with an Rg of 6'/, Q, thereby transforming open circuit volt- 
age and short circuit current by factors of 2 (or '/,). With 
these parameters, either drive system will supply a peak Re, 
or generator dissipation, of one watt. 


Figure 4 displays the drain voltage versus time of the 
RFM10N15 and the RFM10N15L when each is driven as 
described above with a 5A, 75V resistive load line. The time 
scale is 100ns per division. The table under the graph com- 
pares on delay time, rise time, off delay time, and fall time for 
each device. The times are measured in the normal manner, 
that is, involving the 10% and 90% points of the input voltage 
and output voltage waveforms. 


Note that: 
1. The rise and fall times are not symmetrical 
2. The L?FET is faster 


3. There is a “dynamic Visa)” type of behavior 


4. The “dynamic Visary" is of a lesser amplitude for the 
L?FET 
These observations are discussed below. 


100 
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DRAIN VOLTAGE (Vp) (V) 


RFM10N15L 


0 500 1000 


GATE | Re | toon) | tise) | tocorr) | “FALL | 
TYPE | DRIVE | (Q) | (ns) | (ns) (ns) | (ns) 
RFM10N15 0-10V : | 73 | 
(100nm) | | | 
RFMIONI5L | 0-5V | 6.25 | 57 | 
(50nm) | | : 


FIGURE 4. DRAIN VOLTAGE vs. TIME CURVES FOR REPRE- 
SENTATIVE STANDARD AND L?FET DEVICES 


Switching Waveforms with Constant 
Current Drive 


The power MOSFET is a current driven device during transi- 
tions due to the charging or discharging of capacitances. In 
actual applications, most drive circuits exhibit a first order 
approximation to a constant current where the voltage com- 
pliance is determined by ground potential or the drive circuit 
power supply voltage. The on current may not equal the off 
current; this situation is addressed below. 


Figure 5 presents the curves for the RFM10N15 and 
RFM10N15L when each is driven from a current generator 
whose lg; = Igo, with gate voltage limits of zero and 10 or (5) 
volts. The drive current is kept the same for both devices in 
this case even though the L2FET receives less drive power 
or energy. The value for Ig, and Iq was chosen as 5mA; the 
time scale is 1p1s/division. 


Note that: 


1. The rise and fall times of a given device are the same with 
current drive. 


2. The two devices have similar output waveforms in most 
regions. 


3. There is a persistent “dynamic Visaty” even at slow switch- 
ing speeds. 
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4. The “dynamic Vigat)’ Curves are symmetrical during the 
low drain voltage portion of the turn on and turn off portion. 


5. The “dynamic Vigat)” Curves are lower in amplitude by a 
factor of approximately two for the L?FET. 


E 


44 RFMION15 
i Zo (100mm) 


PERCENT RATED DRAIN VOLTAGE (%) 


TIME (11) 


FIGURE 5. CHARACTERIZATION CURVES FOR REPRESEN- 
TATIVE DEVICES DRIVEN FROM A CURRENT 
GENERATOR 


Large Signal Equivalent Circuit of the 
MOSFET 


if we are to understand the differences and similarities of the 
L?FET relative to the conventional power MOSFET, the 
conventional power MOSFET must first be understood. Fig- 
ure 6 shows a properly proportioned cross sectional view of 
the power MOSFET. 
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FIGURE 6. CROSS SECTION OF POWER MOSFET 


When the drain voltage is very low and the gate is forward 
biased, an accumulation layer exists for the n- region 
beneath the gate. This layer may be thought of as serving 
the function of the drain for the lateral MOS. In addition, it 
serves as a source for a vertical depletion mode JFET. The 
gate of the JFET is formed by the body diffusion, particularly 
in the neck region. The JFET drain is the n+ region usually 
though of as being the MOSFET drain. This situation is 
shown in Figure 6, where the cross sectional view of the 
MOSFET is shown. The lateral MOS and the vertical JFET 


are schematically implied by the left half of Figure 6. The 


right half indicates the edge of the depletion width for several 


drain voltages. Note how the JFET pinches off, such that 


increased drain voltage is supported predominately by the 


JFET. This structure is schematically represented as shown 


in Figure 7. Note that the third quadrant diode is caused by 
the p-n junction associated with the gate and drain charac- 
teristic (common to all JFETs). A parasitic n-p-n transistor is 
not shown, nor is it discussed in this Note. Voltage node (4) 
is within the device, and is not precisely a single node, as 
represented. 


FIGURE 7. SCHEMATIC REPRESENTATION OF THE CROSS 
SECTION OF FIGURE 6 


interelectrode Capacitance 


The equivalent circuit of Figure 7 contains four voltage 
nodes. Therefore, six capacitors will exist to couple these 
nodes. The switching waveforms are determined by these 
capacitors and the small signal equivalent circuit of the MOS 
and JFET. Of course, the MOS and JFET small signal equiv- 
alent circuits are nonlinear functions of voltage and current 
and invariant with frequency. Similarly, the capacitors are 
nonlinear with voitage and current. 


Industry data sheets show three terminal characterization of 
this four node network at zero drain current. Under this con- 
dition, the transconductance and output resistance are zero 
and infinity for both the MOS and the JFET. This condition 
reduces the power MOSFET to the capacitor network of Fig- 
ure 8, which may be replaced by three capacitors. Note that 
this situation is valid only when no MOSFET current flows. 


C13 


Ci2 


FIGURE 8. CAPACITOR NETWORK REPRESENTATION OF 
THE POWER MOSFET 


When current does flow, node (4) of Figure 7 is a low imped- 
ance node due to the source follower characteristic of the 
JFET. Similarly, nodes (1) and (3) are generally low imped- 
ance nodes by virtue of the ground reference and the load 
resistance. Therefore, capacitive currents will usually be sig- 
nificant only to the input node, (2). Capacitors C45, Cog, and 
Cy, are examined below over most of the switching reaime 
when current is flowing. 


8-46 


Application Note 7254 


Gate to Source Capacitance, C;. 


When all of the die except the actual MOSFET cells are 
ignored, Figure 6 shows that the gate to source capacitance 
(C2) is that from the poly gate upward through the thick 
oxide to the source metal. In addition, there is a contribution 
from the poly gate to the n+ source through the thin gate 
oxide. Additionally a fringing capacitance exists at the edge 
of the polysil gate. These components of Cy, are invariant 
with voltage and current. There is a fourth component from 
the poly gate to a region about half way along the MOS 
channel through the gate oxide. This component is actually 
distributed, and varies somewhat with current and voltage. 


Gate to Drain Capacitance, C5, 


Capacitor Co3 exists only when no accumulation layer is 
present beneath the poly gate. Otherwise, the accumulation 
layer acts as an electrostatic shield. This layer exists when- 
ever the drain voltage immediately beneath the gate oxide is 
essentially negative relative to the poly gate. In addition, the 
capacitive coupling from drain to gate diminishes greatly 
when the JFET is pinched off. Therefore, Co exists for only 
a small range of drain voltage. In addition, it should decrease 
rapidly as the pinch-off voltage level is approached because 
the effective area of concern is closed off similarly to the 
aperture of a camera (for a hex cell). 


Gate to Internal Electrode Capacitance, C., 


Capacitor Co, is rather large for positive gate voltages. It is 
made up of that area between the poly gate and the accu- 
mulation layer, plus some of the area between the poly gate 
and the middle of the MOS channel. In both cases, the 
dielectric is the thin gate oxide. So long as the gate voltage 
is positive relative to the n- layer beneath the poly gate, the 
accumulation layer exists and Co, is invariant. This accumu- 
lation layer ceases to exist when the external drain voltage 
minus the IR drop through the n- neck region approximately 
equals the gate voltage. The area associated with the accu- 
mulation layer (JFET cathode) rapidly decreases with 
increased drain voltage. In addition, a depletion layer may 
now form, leading to a further reduction of C54. 


Waveforms Expected from the Modei 


The following discussion relates the prior model discussion 
to the waveforms of Figure 5. The discussion begins with the 
gate voltage at +5V or +10V and the gate current equal to 
zero. This condition corresponds to saturated behavior, 
where the drain current is approximately equal to Ip(max) 
and the drain voltage equals |p(max) times Rps(ON). 


Gate Voltage Slope - torr Delay 


As time progresses, lg = -5mA, which must flow through C,5 
+ Coz + Co, of Figure 8 because the MOS and JFET are 
both heavily biased into conduction. Therefore, dV,4/dt = dV./ 
dt = nearly 0. With large positive gate bias and drain voltage 
near zero, Cog is zero and Cyo and Co, are constant. As a 
result, the gate voltage should be a straight line with a slope 
equal to: 


WVe/dt =Ie(Cy2=Co4) (1) 


Gate Voltage Plateau 


As the gate voltage decreases, the drain voltage will 
increase imperceptibly at first until the gate voltage drops 
enough to bias the MOS into its constant current mode. At 
this point, the very high transconductance of the MOS is 
consistent with very little change in gate voltage to reduce 
the current by several percent. Several percent change in 
drain current corresponds to many volts in drain voltage. As 
a result, the gate current no longer flows from C5 during the 
constant gate voltage plateau. 


Drain Voltage Shallow Slope 


Since Co; is still zero, all gate current must flow from Co5,4. 
Assuming that the gate voltage is plateaued and that the 
JFET is still heavily forward biased, node 4 of Figure 7 must 
ramp at linear rate. Therefore, the JFET must also ramp at 
this same rate. 


dV p/dt = Iq/Co4 (2) 
Again this curve will approximate a straight line. 
Drain Transition Voltage 


As mentioned above, Cy, rapidly decreases once the drain 
voltage is slightly greater than the gate voltage. (Actually, 
this voltage is the n- voltage directly beneath the gate oxide, 
and differs from the drain voltage by an amount nearly equal 
to Ipfps(on).) 


Since the drain voltage is still fairly low and the drain current 
has not changed much, the gate plateau voltage still exists. 
Equation 2 still applies except that the value of Cj, has 
materially decreased and Co3 has become finite. This situa- 
tion results in a substantial increase in dVp/dt. 


JFET Pinch Off Voltage - Drain Voltage Steep Siope 


As the drain voltage approaches the pinch off voltage of the 
JFET, the JFET comes out of saturation and starts to support 
MOSFET drain voltage. The voltage gain of the active JFET 
permits large changes in the JFET drain voltage for small 
changes in its source-to-gate voltage. But the JFET sour-to- 
gate voltage is the lateral MOS drain-to-source voltage, which 
is dominated by equation 2 (but for low values of C5,). 


Gate Voltage Curvature from Plateau 


As the drain voltage increases, the drain current decreases. 
This condition requires significant decrease in gate voltage 
until the gate threshold is approached. A significant portion 
of the gate current must now flow through Cy». This flow pro- 
Guces a gradual transition in the gate voltage and some 
slowing of the drain voltage waveform. 


Gate Voltage Slope - t(on) Delay 


When the drain is totally off, most of the gate current flows 
from Cy. Again, this capacitance is constant, so that the 
waveform is a straight line with a slope equal to: 


dVG/dt = Ie/Cyo (3) 
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+15V 


2N4036 


MOSFET GATE 
2K 


SCOPE 


FIGURE 9. TEST CIRCUIT 


New Switching Characterization for 
Power MOSFETs 


The above discussion suggests that a new method of char- 
acterization may be provided for resistive switching with 
power MOSFETs, where constant current gate drive is 
employed during the transition time.’ The below method 
bears some similarity to the gate charge concept.” The state 
of the gate charge is a continuous plot in this work, however, 
rather than a single point. This approach permits a knowl- 
edge of all waveforms with any drive circuitry, rather than just 
the total elapsed time. In addition, the total elapsed time is 
fixed (at just under 50 microseconds) by choosing the 
required value of constant gate current. Circuit designers are 
usually more comfortable with milliamperes and microsec- 
onds (although the product is charged in nanocoulombs). 


Test Circuit - Drive 


A test circuit is shown in Figure 9. The heart of this circuit is 
the Harris CA3280 integrated circuit. This is an operational 
transconductance amplifier (OTA) operated as a comparator. 
An OTA is a current output circuit where the output current 
and output transconductance are programmed by the ampli- 
fier bias current (Iago). Internal chip circuit feedback assures 
an extremely high output impedance within a compliance 
range established by the supply voltages. The circuit of Fig- 
ure 9 is actually two OTA’s in parallel. The linearizing diodes 
on this chip are not used. 


A value of lage is established from the collector of the 
2N4036. The current into the load (the gate of the MOSFET 
under test) may be varied between +lagc and -lagc times a 
constant of proportionality (approximately 0.9). The actual 
value depends upon the input differential input voltage. As a 
comparator, the differential voltage is large resulting in satu- 
rated behavior of tlagce. If the gate voltage comes within a 
volt of the rail voltages, this current goes to zero, producing a 
clamping voltage. For the purposes of this Note, these sup- 
ply voltages are adjusted to clamp 0 volts and +10 volts for 
the normal n-channel MOSFET. The behavior of this IC is 
excellent from submicroamperes to about 2.5mA. Higher 
current may be achieved by stacking many CA3280 pack- 


ages one on top of another and soldering the leads parallel 
to the chips rather than wiring many sockets. However, this 
arrangement may require an increase in the bypass capaci- 
tor values. 


A CA3240E MOS input op amp is used as a unity gain fol- 
lower. Otherwise, the 1mQ or 10mQ shunting impedance of 
the scope would load the high impedance circuitry associ- 
ated with the MOSFET gate. 


Testing Conditions 


A pulse generator is set for 50us on time duration and 
approximately 25us repetition rate (about 0.2% duty cycle). 
The + clamp voltages are set to the appropriate values. The 
power MOSFET load resistor is chosen to equal the maxi- 
mum rated voltage divided by the maximum rated current. 


With a low value of drain supply voltage, observe the gate 
voltage while adjusting Iagc. A convenient set of conditions 
occurs when a short dweil time of several us exists at the 
+10V level. Minor adjustments may be desired for lago as 
the drain supply voltage is increased to maximum rated 
value. The L?FETs would be tested at +5V gate clamp. 


Figure 10 exhibits the pertinent waveforms for an 
RFM15N15. All power MOSFETs have similar waveforms. 
Figure 10(a) is the 3V signal to the CA3280. Figure 10(b) is 
the power MOSFET gate current. In this example, the ampli- 
tude is t+1mA with a third state of OMA. Figure 10(c) displays 
the gate voltage and the drain voltage, 10V peak-to-peak 
and 150V peak-to-peak. Figure 10(d) is a piece wise linear 
approximation of Figure 10(c). The datum line is zero volts 
and applies to both waveforms. The time scale of the wave- 
forms of Figure 10 is 100s full scale. 


There are some features of the gate and drain voltage wave- 
forms that should be noted. These features are consistent 
with the equivalent model discussion. 


1. The waveforms during the positive gate current time are 
symmetrical to those during the negative gate current 
time. Exceptions will occur for very fast or very slow 
switching, and for nonsymetrical current drive. These ex- 
ceptions are discussed in the following. 
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2. The drain voltage waveform contains a rather steep slope 
with a fairly constant dv/dt over most of the drain voltage 
excursion. 


3. The drain voltage contains a rather shallow slope with a 
fairly constant dv/dt over the remainder of the drain volt- 
age excursion. 


4. The drain transition voltage (defined as the intercept of the 
above two near straight lines) typically occurs when the 
drain voltage equals the sum of the gate voltage (at that 
instant of time) plus the product of the drain current times 
'ps(on). 


5. The gate voltage waveform contains three near straight 
line segments during the positive gate current transition 
time. 


PLL 


(A) 


(B) 


(C) 


(D) 
FIGURE 10. (A) 3V SIGNAL TO THE CA3280, (B) POWER MOS- 
FET GATE CURRENT, (C) GATE AND DRAIN 


VOLTAGE, (D) PIECE WISE LINEAR APPROXIMA- 
TION OF 10(C) 


Application of the Switching Data 


Figure 11 is a family of curves similar to Figure 10(C), where 
the drain supply voltage is fixed at four values. Note that the 
ordinate is 10V full scale for the gate voltage, while it is nor- 
malized to 100% of maximum-rated drain voltage for the 
drain-voltage curves. All four sets of curves are taken with a 


predetermined gate current, tly. The abscissa is also nor- 
malized to 100 (I7/Ig) microseconds full scale, where lg is 
the actual gate drive current. With this characteristic curve, 


switching behavior may be readily predicted for almost any 


driving circuit, provided the load is resistive. 


a 


~= 


== 


FIGURE 11. CURVES SIMILAR TO THOSE OF FIGURE 10(C) 
WITH DRAIN SUPPLY VOLTAGE FIXED AT FOUR 
VALUES 


Symmetrical Current Drive 


Waveforms of Figure 11 will scale in an inverse manner with 
gate current. Driving current was varied from +200mA to 
+2uA for the device of Figure 11. Measurements of delay 
time (on), rise time, delay time (off), and fall time are plotted 
in Figure 12 and compared to the inverse scaling suggested 
by Figure 11. 


RFMi5N15 


x td (OFF) 
A it 

O tr 

@ td (ON) 


FIGURE 12. VARIOUS TIME MEASUREMENTS COMPARED TO 
THE INVERSE SCALING SUGGESTED BY 
FIGURE 11. 


It is anticipated that very slow switching (in the millisecond 
region) will result in the chip thermally tracking the power 
dissipation, which would cause some deviation from the 
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inverse scaling. This condition was not noted on Figure 12 
for gate currents as low as t2uA. 


Large gate currents result in very fast switching waveforms. 
The gate of each hex cell is accessed through a gate pad 
and gate runners, which are of a low resistivity metal 
followed by buried polysilicon of a moderate resistivity. As a 
result, the high gate currents cause a propagation delay to 
exist for those cells far removed from the gate runners. This 
effect is not seen in Figure 12, even though the gate current 
was increased to +200mA. 


Asymmetrical Current Drive 


The positive and negative gate drive will often be dissimilar. 
Of course, the scaling must reflect this situation. At other 
times the gate current varies with amplitude. This condition 
is always true when driving from a pulse generator of fixed 
resistance. Piecewise linear methods will yield the gate 
current, which will permit the proper piecewise linear scaling. 
This calculation could be done in the following manner: 


1. Mark eleven small x’s along the gate waveform of Figure 
11 dividing it into 10 equal voltage segments; for example, 
Vg =0,1,2,...9, 10V. 


2. Draw a vertical line through each x the full height of the fig- 
ure, creating 10 time segments. 


3. If the driving-pulse amplitude is 0 to 10 volts with an inter- 
nal resistance of 100 ohms, calculate the piecewise linear 
gate current for each time segment. Iq; = (10 - 0.5)/100 = 
95mA, Igo = (10 -1.5)/100 = 85mA, etc. 


4. Then scale each waveform within the pertinent time seg- 
ment by the proper gate current. 


5. Smooth the curves. 


6. Create 10 more time segments for the right half of Figure 
11 corresponding to an average gate voltage of 9.5,8.5, . 
.. 1.5, 0.5 volts. Call these segments 11,12,... 19,20. 


7. In that the pulse-generator voltage is now zero volts, cal- 
culate Ig as: 
lai = (0-9.5)/100 = -95mA, Igyo = (0-8.5)/100 = -85mA, 
etc. 


8. Repeat 4 and 5. L?FETs would be treated with smaller 
voltage segments. 


Generally, the gate-voltage plateau of Figure 11 will not be 
located at the middle of the pulse-generator amplitude (5 
volts). As a result, rise and fall times measured this way 
experience differing gate currents and are “nonsymetrical”. 
This type of measurement will also lead one to observe 
temperature sensitivities, load-current sensitivities, and 
device-to-device variability, all of which are more circuit 
dependent than device dependent. 


Source-Lead Inductance 


The gate-voltage waveforms may be corrected by the 
voltage across the source-lead inductance and external 
inductance, which may be mutually common to the input and 


output current loops. This voltage, L di/dt, may be 
approximated and applied to the gate-voltage waveform after 
scaling Figure 12 for the actual gate currents. Generally, this 
effect is not appreciable for gate current small relative to 
+100mA. A very loose circuit wiring arrangement with inches 
of mutually common source wire will exaggerate this effect. 


Gate Voltage Propagation Effects 


Most power MOSFET applications need switch no faster 
than tenths of a microsecond, but should faster switching be 
required, this section will become important. It must be 
understood that the power MOSFET appears as a 
distributed network of many cells when used for very fast 
switching. 


The thousands of individual MOSFET cells are connected in | 


parallel with highly conductive metal for the sources and 
drains. However, the gates are paralleled with a moderately 
conductive film of doped polysilicon. As a result, a very steep 
voltage waveform applied to the gate pad will bias those 
cells close by, but a delay will occur for turn on or turn off. 
Because of the nonlinear “input capacitance” of each cell, 
the delay cannot be characterized by a pure number of so 
many nanoseconds. 


Presently, most manufacturers characterize typical switching 
speed for a single test condition. The test conditions are 
usually chosen to present the most favorable result, usually 
near the upper limit of usefulness. 


Figures 13(A), (B), and (C) show the increasing effect of gate 
voltage propagation. The gate waveform is the only one 
shown because the drain is not affected so drastically. This is 
true because some cells are overdriven, offsetting the effect of 
the starved cells. Care must be exercised when operating with 
large gate effects similar to those of Figure 13(C). 


FIGURE 13. CURVES SHOWING THE INCREASING EFFECT OF 
GATE VOLTAGE PROPAGATION 
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Gate-propagation effects may be reduced by the following 
design methods: 
1. Many gate runners. 
2. More conductive polysilicon. 
3. Silicide rather than polysilicon gates. 
4 


. Less cells (resulting in lower transconductance and higher 


Ron): 
5. Substantially different lateral and vertical structure. 
6. High-frequency packaging. 


None of the above methods will yield “breakthrough” devices 
unless used in combination. 
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Any of the previous methods require trade-offs which would 
not be attractive to the needs of most components users. 
These trade-offs are in the realm of: 


— 


. Reduction of Roy per unit area. 
. Decreased yield. 


. Added cost (beyond the cost of yield impact). 


& WD ND 


. RFI, self-oscillation, and other problems characteristic of 
very fast devices. 


References 


1. “Power MOSFET Switching Waveforms - A New Insight,” 
H. R. Ronan, Jr., and C. F. Wheatley, Jr., Proc. Powercon 
11, April 1984. 


2. “Correlating the Charge-Transfer Characteristics of Power 
MOSFETs with Switching Speed,” E. Oxner, Proc. 
Powercon 9, April 1982. 


APPLICATION 


Harris Semiconductor 


h 
| 


ll 


Il 


ll, 


annul 
tl 
al 
mute 
qty 
Uinttt 


anil 


~~: 
—_ 
— 
— 
a - 
eed 
erennetieamreee 
natant 


( 


No. 7260.2 september 1993 Harris Power MOSFETs 


POWER MOSFET SWITCHING WAVEFORMS: 
A NEW INSIGHT 


Author: Harold R. Ronan, Jr. and C. Frank Wheatley, Jr. 


The examination of power MOSFET voltage and current 
waveforms during switching transitions reveals that the 
device characterization now practiced by industry is inade- 
quate. In this Note, device waveforms are explained by con- 
sidering the interaction of a vertical JFET driven in cascode 
from a lateral MOSFET in combination with the interelec- 
trode capacitances. Particular attention is given to the drain- 
voltage waveform and its dual-slope nature. The three termi- 
nal capacitances now published by the industry are shown to 
be valid only for zero drain current. For cases where the gate 
drive is a voltage step generator with internal fixed resis- 
tance, the drain voltage characteristics are inferred from the 
gate current drive behavior and compared to observed 
waveforms. The nature of the “asymmetric switching times” 
is explained. 


A waveform family is proposed as a more descriptive and 
accurate method of characterization. This new format is a 
plot of drain voltage and gate voltage versus normalized 
time. A family of curves is presented for a constant load 
resistance with VOO varied. Gate drive during switching tran- 
sitions is a constant current with voltage compliance limits of 
0 and 10 volts. Time is normalized by the value of gate driv- 
ing current. The normalization shows excellent agreement 
with data over five orders of magnitude, and is bounded on 
one extreme by gate propagation effects and on the other by 
transition time self-heating (typically tens of nanoseconds to 
hundreds of microseconds). 


Device Models 


The keystone of an understanding of power MOSFET 
switching performance is the realization that the active 
device is bimodal and must be described using a model that 
accounts for the dual nature. Buried in today’s power MOS- 
FET devices is the equivalent of a depletion layer JFET that 
contributes significantly to switching speed. Figure 1 is a 
cross-sectional view of a typical power MOSFET, with MOS- 
FET/JFET symbols superimposed on the structure. 


Figure 2 is obtained by taking the lateral MOS and vertical 
JFET from this conception and adding all the possible node- 
to-node capacitances. Computed values of the six capaci- 
tances for a typical device structure suggest that device 
behavior may be adequately modeled using only three 
Capacitors in the manner of Figure 3. This is the model to be 
employed for analysis and study 


Copyright © Harris Corporation 1992 
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FIGURE1. CROSS-SECTIONAL VIEW OF MOSFET SHOWING 
EQUIVALENT MOS TRANSISTOR AND JFET 


C6 
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FIGURE2. MOSTRANSISTOR WITH CASCODE-CONNECTED 


JFET AND ALL CAPACITORS 
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FIGURE 3. FIGURE 2 SIMPLIFIED 
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Gate Drive: Constant Voltage or 
Constant Current 


Before moving on to the study of the equivalent circuit states 
of the model, a gate-drive forcing function which is easy to 
represent, relates to reality, and best illustrates device 
behavior must be chosen. The choice may be immediately 
narrowed to two: 


(1) An instantaneous step voltage with internal resistance R, 
Figure 5. 


(2) An instantaneous step current with infinite internal resis- 
tance, Figure 6. 


iGATE VOLTAGE 
: DRAIN _ 
; VOLTAGE 


VOLTAGE —>~ 


FIGURE 4. IDEALIZED POWER MOSFET WAVEFORMS 
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TURN OFF 
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i(t) = - Vg e-tRo 
RO 


Ipx = Vq/Ro 


FIGURE 5. STEP-VOLTAGE FORCING FUNCTION 


Power MOSFET devices are highly capacitive in nature; 
hence, simple capacitor responses to the forcing functions 
offer a good vehicle for comparison. The advantageous 
choice is immediately obvious: Figure 5. Voltage/time 
responses dominated by capacitance are straight lines 
(when constant current is used). The slope of these lines is 


proportional to current and inversely proportional to capaci- 
tance. Analytically, then, constant current is most conve- 
nient. It is quite another matter, however, to build a 
bidirectional current drive that is accurate across the many 
decades of both current and time required to establish 
experimental verification. 


- MOSFET Feedback 


Six States 


To completely characterize power MOSFET switching wave- 
forms, the six states that a device assumes, Figure 6, must 
be addressed: 


Csrate | _wos__| Fer 
Trumont| on | of 


Saturated Saturated 


*The term saturated is taken to mean a constant low-voltage 
drain-source condition. 


i(t) 
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FIGURE 6. STEP CURRENT FORCING FUNCTION 


Equivalent Circuit 


The lumped-parameter model of Figure 3, with the cascode- 
connected JFET, can now be reduced to the linear equiva- 
lent circuit of Figure 7, and the six device states investigated 
from full off to full on. 


9 DRAIN 


’ SOURCE 


LEGEND 


Vp |-Drain Voltage [dq _|-JFET Transconductance __| 
Capacitance 
ial ainanincananeil 


FIGURE 7. POWER MOSFET EQUIVALENT CIRCUIT 
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State 1: MOS Off, JFET Off 


In a power-MOSFET device, no drain current will flow until the 
device gate threshold voltage, Vy, is reached. During this time, 
the gate current drive is only charging the gate source capaci- 
tance. More accurately, Iq is charging Cigg (Cigg = Cag + Cep 
Cys shorted), the capacitance designation published by the 
industry. 


The current generators, GyVq and gyjVx are open circuits for 
zero drain current, and R,_ is presumed to be so low as to repre- 
sent a short circuit (generally true for practical applications). This 
is academic however since Cgz is very much larger that Cg. The 
time to reach threshold, then, is simply: 


Ciss Vr 
fe 


State 2: MOS Active, JFET Active 


This state graphically illustrates the dramatic influence that the 
JFET has on the power MOSFET drain-voltage wave- form. 
Instead of having to discharge C, from Vpp to ground, the lateral 
MOSFET need only swing vy to ground, a much smaller voltage 
thanks to the grounded gate JFET. Since the interaction of R, 
with the device capacitances has a second-order effect on the 
drain voltage, the equivalent circuit of Figure 7 predicts a drain 
voltage change of: 


dye /at = guy IeCas + Cx(1 + w/w) 

In all but the smallest power-MOSFET devices, C, is several 
thousand picofarads and g)y/g)y, is of the order of 3:1. Power- 
MOSFET devices exhibit a high dvp/dt switching rate because of 
the cascode-connected J FET, not because Cass (Cass = Cen) 
is a small value, as zero-drain-current data- sheet capacitance 
values might lead one to believe. If Cags were, in actuality, small, 
long drain voltage tails would not exist. The tail response is a 
direct resuk of JFET saturation. in order to delineate the transi- 
tion from state 2 to state 3, a drain voltage at which the transition 
occurs must be defined. Vp is the knee voltage at which linear 
extrapolations of drain-voltage slopes intersect. The time dura- 
tion of state 2 is: 


t= (Vpp - Vox)[Ces + Cx(1 + Sa/Omd)VoMRL Ig 
State 3: MOS Active, JFET Saturated | 
When the JFET saturates, the gyjVx Current generator becomes 
a short circuit and the equivalent circuit predicts: 
dyp/dt = Gy, leCes + Cx(1 + 9MFL)] 
This is the Miller effect so often referred to in older texts that 
describe the behavior of grounded-cathode vacuum-tube ampli- 
fier circuits. Allowing for the fact that 1 + gyR, is approximately 
equal to gyR, and Cx(1 + gyFR_,) is very much larger than Ces, 
the expression for drain-voltage tail time is: 
t= (Vox - Voysat})Cx/Iq 

State 4: MOS Saturated, JFET Saturated (Turn-Off) 
In this state, in addition to gyyjVx being shorted, the gjVe Current 
generator is shorted, and Ig is occupied with charging Cy and 
és, in parallel, from the peak value of Vg to Vagary. The time 
required for this is: 

t = (Vg - Vaysat)(Ces + Cx)g 
Since a value for Cag may be measured independently of switch- 


T= 


ing time, the method described is the simplest way of determin- 
ing Cy. 


On turn-off, the state time equations are equally applicable, 
but in reverse order (states 5 and 6); see the idealized wave- 
form of Figure 4. 


Experimental Verification 


The four switching states just analyzed indicate that for a given 
device, all four switching state times are inversely proportional to 
the magnitude of the gate drive current. Figure 8 illustrates the 
switching performance of a typical power MOSFET across three 
decades of gate drive current and time. In each case the data 
slope is almost a perfect -1. 


A New Device Characterization 


Figure 8 could not be a reasonable device data sheet presenta- 
tion because it does not give the designer any information on a 
typical value for Cy, nor does it convey how Vox, Gu. Ga/Guy, and 
Va(sat) vary with drain current. What would be of enormous 
value to the designer is a plot of Vp(t), Vg(t) for selected values of 
Vpp and ip within device ratings. 


A reasonable characterization would be as follows: 


1. The x axis would be normalized in terms of gate current drive. 


2. The y axis would be normalized in terms of percent maximum rated 
Vp (0 to 100%). 


3. Ry = Vp(max)p(max) would define the drain load resistance. 


4. Four plots of Vp(t), V(t) at 100%, 75%, 50%, and 25% Vp(max) 
would be shown. 
10 | —————— —— 
RFM15N15 
Vpp = 75V 

. Ip =7.5A 
a Ro =o 


Vg =10V 


(t) - MICROSECONDS 


0.01 ud 
1000 


10 1 
(Ig) - MILLIAMPERES 


FIGURE 8. CONSTANT GATE CURRENT SWITCHING TIME 


Figure 9 is such a plot for the RFM15N15 power MOSFET. 
With such a plot, a designer can estimate device switching 
performance under any resistive gate/drain conditions. 
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FIGURE 9. NORMALIZED RFM15N15 SWITCHING WAVE- 
FORMS FOR CANSTANT GATE-CURRENT DRIVE. 
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Step-Voltage Gate Drive 


The majority of power MOSFET applications employ a step 
gate-voltage input with a finite source resistance Ro.Often 
Ro for turn-on is not the same as Ro for turn-off. How can 
switching times for these situations be estimated using the 
switching characterization curves just described? The analy- 


sis for resistive step voltage inputs, which is complex 
because the gate current is no longer constrained to be con- 
stant, but is a function of device gate-voltage response, is 
covered in Appendix A. (A second, shorter appendix, B, has 
been added to illustrate the estimation of Ro for some practi- 
cal gate drive circuits.) Table | summarizes the common 
switching equations, and indicates the appropriate 1G to be 
used in each state for relating step voltage drives to the 
characterization curves. 


Experimental Verification 


Since the switching equations for step currents and voltages 
differ only by gate-current magnitudes for the same device 
type, one would expect a plot of switching time versus 1/Ro 
to be of the same form as those obtained for a step current 
drive. This is exactly the case, as Figure 10 is merely a vari- 
ation of Figure 8. Using the relationships of Table I, the 
observed differences between Figs. 7 and 9 can be pin- 
pointed. The two sets of experimental curves confirm that, 
on the basis of the short-circuit drive current VU/Ro equal- 
ling the constant 1G, t6(on), t, td(off), and t1 will all be 
longer, as predicted by the ratios of the gate drive currents of 
Table 1. Notice also that t, t1 switching symmetry is dis- 
rupted by the use of a step voltage with source resistance 
Ro. For states 2 and 6 the time ratio is: 


TABLE 1. COMMON SWITCHING EQUATIONS 


Ciss Vr 


| STATE 5: ACTIVE, SATURATED Ig=(Va-Vesar/Ro 


(Vpk - Vosar)Cx 


t= 


| CONSTANT CURRENT j; STATE 1: MOS OFF, JFET OFF CONSTANT VOLTAGE 


7 STATE 2: ACTIVE, ACTIVE | lg = (Vg - VzVRo 


t= 
ey 
Ig =h 
fe [Vop - VoK] [Cas + Cy (1 + S/Omu)] 

| OmMFile | | 

les STATE 3: ACTIVE, SATURATED | ig = (Ve- VesatV/Ro 

| (Vox - Vosat)Cx 


Ig 


STATE 4: SATURATED, SATURATED 


| 0 

| F 3 | 
F&F | leah | STATE 6: ACTIVE, ACTIVE Ig = (Vg - Vasat/Ro 

7 [Von - VoK] [Cas + Cx (1 + Ge/Guy)] 

OuFilg 


t= Ro Ciss (1) | 
a [1 - Vy/Gy] 


t= Ro(Ces + Cx) In (Ve/Vesar) 
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Experimental Verification 


Since the switching equations for step currents and voltages 
differ only by gate-current magnitudes for the same device 
type, one would expect a plot of switching time versus 1/Ro 
to be of the same form as those obtained for a step current 
drive. This is exactly the case, as Figure 10 is merely a vari- 
ation of Figure 8. Using the relationships of Table |, the 
observed differences between Figures 7 and 9 can be pin- 
pointed. The two sets of experimental curves confirm that, 
on the basis of the short-circuit drive current Vg/Ro equalling 
the constant Ig, tp(on), tp, tp(off), and t¢ will all be longer, as 
predicted by the ratios of the gate drive currents of Table 1. 
Notice also that tp, te switching symmetry is disrupted by the 
use of a step voltage with source resistance Ro. For states 2 
and 6 the time ratio is: 


ttuRN-oN _ __Vaysar) 
'TURN-OFF Ve - Vr 
For states 3 and 5 the time ratio is: 
{TURN-ON | V@\sat) 
tTURN-OFF Ve - Vaecsar) 


Utilization of available maximum gate drive voltage and cur- 
rent can be optimized for fastest power MOSFET switching 
speed through the use of constant-current gate drive at the 
expense of increased gate-drive circuit complexity. 

10 
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FIGURE 10. CONSTANT GATE VOLTAGE SWITCHING TIME 


Using the Characterization Curves, 
Figure 9 
To estimate the switching times for an RFM15N15 power 
MOSFET under the conditions Vg = 10V, Vpp = 75V, Ro = 
100 ohms, and R, = 10 ohms, precedes as follows: 
State 1: MOS Off, JFET Off 
This time can be estimated without recourse to the curves 
t=  100(1200 x 10°?2) in [1/(4 - 4/10)] 
t= 61ns 


State 2: MOS Active, JFET Active 
(10 - 4)/100 = 60mA 


Ig= 
curve divisions) x | 9 
= _(curve divisions) x It Hs _ = = 1 50 ns 
60 60 
State 3: MOS Active, JFET Saturated 
Ig= (10-7)/100 = 30mA 
curve divisions) x | 14 
= _(curve divisions) x ly 1s _ = 467 ns 
30 30 


State 4: MOS Saturated, JFET Saturated 


Ces+C, = (gate voltage slope)(test current) 
= (1.5.x 10%s/5 volts)(10mA) 
= S3000pF 
t=  100(3000 x 10°") in [10/6.6] 
t= 125ns 


State 5: MOS Active, JFET Saturated 


Ig=  6.6/100 = 66mA 
curve divisions) x |! 8 
t= EACUING GIVISIONS) Xr HE: . = = 121ns 
66 66 


Figure 11 shows RFM15N15 waveforms using the condi- 
tions specified in the example. 
75 


RFM15N15 

Vpp = 75 VOLTS 
R_ = 10 OHMS 
Vg =10 VOLTS 
Ro = 100 OHMS 


DRAIN VOLTAGE - VOLTS 


1.5 
TIME - MICROSECONDS 


FIGURE 11. STEP GATE VOLTAGE INPUT TO AN RFM15N15 


CALCULATED | MEASURED 
STATE TIME TIME RATIO _ 


ES CC CE 
a ee 
favs__ferr fem jose _| 
a 
sre [oe jams joss _| 


For peak gate voltages other than 10 volts, and load resis- 
tances other than Vpgss/Ipiams). the equations of Table 1 
may be used in conjunction with slope estimates from the 
characterization curves for Cy and Cgg + Cx(1 + Gyy/guy) at 
the appropriate drain-current level. 
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Characterization-Curve Limits 


The switching-time range over which the characterization can be 
applied is very impressive. For gate currents of the order of 
microamperes, device dissipation is the limiting factor. For gate 
currents of the order of amperes, the device response will be 
slowed by gate propagation delay. This delay, of course, 
degrades the linear switching relationship to gate current. How- 
ever, as Figure 12 graphically shows, the characterization is valid 
across five decades of gate current and switching time, allowing 
all but a very few switching applications to be described by the 
characterization curves of Figure 9. 


RFM15N15 
x 


TIME(t) - MICROSECONDS 


10° 10! 402 10° 404 105 40 
GATE CURRENT (Ig) - MICROAMPERES 


FIGURE 12. FIVE DECADES OF LINEAR RESPONSE 


Conclusions 


The viability of the proposed characterization curves using con- 
stant current has been demonstrated and the limits of applica- 
tion defined. The existence of a vertical JFET in a power 
MOSFET makes data-sheet capacitances of little use for esti- 
mating switching times. The classical method of defining 
switching time by 10% and 90% is a poor representation for 
power MOSFETs because of the dual-slope nature of the drain 
waveforms. Switching influences are masked because the 10% 
level is controlled by one mechanism and the 90% level by 
another. Device comparisons based on the classical switching 
definition can be very misleading. 


Appendix A - Analysis for Resistive Step 
Voltage Inputs 


Step Voltage Gate Drive 


To obtain the necessary relationships, six device switching 
states must be examined using the same device equivalent 
circuit as was used for the constant-gate-current case, but 
with the forcing function replaced with a step voltage with 
internal resistance Ro, Figure A-1. 


> DRAIN 


° SOURCE 


LEGEND 


- Gate Voltage - Drain Source Capacitance 


< 


- JFET Driving Voltage [gq —_ |- MOSFET Transconductance 
- Drain Voltage Gay _|- JFET Transconductance 


‘G@g|- Gate Source R,  |- Drain Load Resistance 
Capacitance 
- MOSFET Feedback ae - Constant Current Amplitude 


Capacitance 
FIGURE A-1. POWER MOSFET EQUIVALENT CIRCUIT 


State 1: Mos Off, JFET Off 


As before, both current generators are open circuits, reducing 
the equivalent circuit to simply charging Cigg through Ro 


t= RoCisgsin(1/(1 : V/V@)] 
t= V@/Ro 


State 2: Mos Active, JFET Active 


Before proceeding, it is wise to examine an actual device 
response and make use of available simplifications. Figure A-2 
shows ig(t) and ip(t) for a typical power MOSFET driven by a 
step gate voltage. For truly resistive switching, realize that these 
waveforms are only mirror images of their voltage counterparts 
Vg(t) and vp(t). Using Figure A-2, applicable gate currents for 
each of the device states may be listed. | 


O1< 


QO 


CURRENT—~ 


TIME—> 


FIGURE A-2. i,(t) AND ip(t) FOR A TYPICAL POWER MOSFET 
DRIVEN BY A STEP GATE VOLTAGE 


Turn-On 
State 1: MOS Off, JFET Off 
IpKy = Va/Ro 


State 2: MOS Active, JFET Active 
IpKa = (Ve - Vr)/Ro 

State 3: MOS Active, JFET Saturated 
lpg = (Vg - Vaysary)/Ro 
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Turn-Off 


State 4: MOS Saturated, JFET Saturated 

lpk4 = Ve/Ro 

State 5: MOS Active, JFET Saturated 

Ipks = VarsatyRo 

State 6: MOS Active, JFET Active 

Ipke = VaisatYRo 
The equivalent circuit of Figure A-1 predicts that: 

dvp/dt = -guRi (Vg - Vre™ 11 
where T1 = RoCes + (1 + Ga/Guy)ROCx | 
Note that gyRi(Veq - Vr) is usually an order of magnitude 
greater than Vpp, indicating that the drain voltage is discharging 
toward a very large negative value. The device operation, then, 
is on the early, almost linear, portion of the exponential, where 
e“™ approximates unity. The drain current of Figure A-2, and 


hence the drain voltage, does indeed exhibit a linear decrease 
with time. 


Thus, for state 2: 


[Von - VoxlICas + Cx(1 + Ov/Smy)] 
QmRL !pxe 


i= 


where IpKe = (VG . Vr1/Ro 
State 3: Mos Active, JFET Saturated 


Because of the Miller effect, the gate voltage and, hence, the 

gate current, is almost constant during the tail time. The 

equivalent circuit then predicts: 
OmRi Ig Ie 


dVp 
dt  Cas+(t+gyRi)cx, Cx 
lg = Ipxs = (Va - Varsan)/Ro 
(VoK - VoysaT))Cx 


and t= 
Ips 


State 4: Mos Saturated, JFET Saturated (Turn-off) 

Both equivalent-circuit generators are short circuits, and the 
gate drive is discharging Cy in parallel with Ces through Ro. 
t= Ro(Ces + Cx) In[VeVaisan] 

Ipxg = Va@/Ro 

State 5: Mos Active, JFET Saturated 
The JFET current generator V,g,,), is operative. 


= [Vox - Vorsar)Cx 


IpKs 
IpKs = VeysatyYRo 
State 6: Mos Active, JFET Active 
The Miller effect is now reduced by the activation of Veguy, 
and the equivalent circuit predicts: 
[Vop - VoxliCas + Cx(1 + Ou/duu)] 
OmRi !Pake 


t= 


lpaks = VersatyRo 


Appendix B - Estimating Ro for Some 
Typical Gate-Drive Circuits 


Case 1: Typical Pulse-Generator Drive, Figure B-1 


Vpp 
a tl a tad ‘ R 
;  VGeN : : 
nM Roen Ve 
a| : 
é r) 
ry r] 
6 r] 
é é 
FIGURE B-1. TYPICAL PULSE-GENERATOR DRIVE CIRCUIT 


Turn-On and Turn-Off 
Ro = ReenRes/(Raen + Res) 


For the typical case where Rg_en = 50Q, and a coaxial-cable 
termination of 50 ohms, Ro = 25Q and Vg = Vegn/2. 


Case 2: Voltage-Follower Gate Drive, Figure B-2 


+ 
| vs 


aa 


FIGURE B-2. VOLTAGE-FOLLOWER GATE-DRIVE CIRCUIT 


Turn-On 


Ro is approximately equal to 1/gy for Rg very much 
greater than 1/gy. 


gm = transconductance of driving MOSFET transistor. 
Turn Off 
Ro = Rs 


Case 3: Common-Source Gate Drive, Figure B-3 

+ Ry 

Rp | vvV Vop 
10V 


FIGURE B-3. COMMON-SOURCE GATE-DRIVE CIRCUIT 


Turn-On 


Ro = Rp (drain-to-ground capacitance of driving 
device adds to Cgg of driven MOSFET.) 


Turn Off 
Ro = Rps(on) of driving MOSFET 


Rp is very much greater than Rps(on) 
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No. AN7332.1 may 1992 Harris Power MOSFETs 


THE APPLICATION OF CONDUCTIVITY-MODULATED 
FIELD-EFFECT TRANSISTORS 


Author: Jack Wojslawowicz 


Summary 


The development of conductivity-modulated field-effect 
transistors, FETs, makes available to the system designer 
another solid-state device that can be used to implement 
power switching control. This paper reviews differences 
between the standard and the newly developed FET. It 
shows the significant advantages that the conductivity- 
modulated FET has over the standard FET. Several 
applications are presented to show that this new type of 
device works well in practical situations. The relative 
immaturity of the conductivity-modulated FET may limit its 
initial utilization. But as the family grows and product 
innovation and refinement takes place, this newest member 
of the power semiconductor family will become a viable 
alternative to the other members. 


General Considerations 


The development of the power field-effect transistor has 
made available to the power-stage designer an entire new 
family of power semiconductors. Over the past 5 to 6 years, 
the breadth of product has grown to encompass the require- 
ments of a large number of applications. A limiting factor that 
has slowed the utilization of power FETs in the high-current, 
high-voltage applications is the fact that the on-state 
resistance (Rpsgion)) in a standard FET is related to its 
breakdown voltage (Bypss) by a nearly cubic power, i.e., 
Rps(on) = Bypsg 2.8. What this implies, as Figure 1 shows, 
is that as the breakdown voltage increases, the on-state 
resistance climbs even faster. 


P-CHANNEL MOSFETs 


1 


N-CHANNEL MOSFETs 
0.1 


N-CHANNEL 
CONDUCTIVITY 


0.01 MODULATED FET 


P-CHANNEL CONDUCTIVITY 
MODULATED FET 


SPECIFIC ON-RESISTANCE (0-cm?) 


0.001 


10 100 1000 
DRAIN-SOURCE VOLTAGE (V) 
FIGURE 1. SPECIFIC ON-RESISTANCE OF P AND N-CNANNEL 


MOSFETS AND CONDUCTIVITY-MODULATED 
FETS vs FORWARD BLOCKING VOLTAGE. 


Copyright © Harris Corporation 1992 


The MOSFET on-state resistance is contributed to primarily 
by three components of the transistor: the MOS channel, 
the neck region, and the extended drain region. The 
extended drain region contributes the most to the on-state 
resistance in high-voltage MOSFETs. To achieve a lower on- 
State resistance at a given blocking voltage, the usual 
technique is simply to make the die larger. However, 
increasing the die size has its limitations from a 
manufacturing point of view, since MOSFETs, with their very 
fine horizontal geometries, are highly defect-yield sensitive. 
As die size increases, the likelihood of a defect resulting in a 
nonfunctional part increases exponentially. This tendency, 
combined with a smaller number of parts per wafer, limits the 
availability of low-on-state-resistance, high-voltage MOS- 
FETs. 


A change in the horizontal geometry of the MOSFET can 
lower the specific on-state resistance per unit area. By using 
more channel width with smaller source cells placed closer 
together, a reduction in on-state resistance can be achieved. 
A limitation on how close these cells can be placed arises 
from a possible localization of field concentrations that will 
limit the voltage breakdown of the structure to less than the 
theoretical rating due only to impurity concentrations. 
Therefore, for a given breakdown voltage, there exists a 
minimum spacing of the cell structure. Generally, the higher 
the required breakdown voltage, the further apart the cells 
must be placed. 


As stated earlier, the extended drain region of the MOSFET 
generally contributes the most to the on-state resistance in 
high-voltage MOSFETs. As the required blocking voltage is 
increased, this region must be made thicker and more lightly 
doped to be able to support the desired voltage. It is this 
region's contribution to on-state resistance that the conduc- 
tivity-modulated field-effect transistor drastically reduces. 
This reduction occurs as the result of the injection of minority 
Carriers from the substrate and, in specific on-state resis- 
tance per unit area, is about 10 times less than in a standard 
MOSFET at the 400V BVpgs level, as shown in Figure 1. 


Further analysis has shown that the specific on-state 
resistance may be nearly independent of blocking-voltage 
level. This finding implies that at a BVpsg of 1000V, the 
reduction in conductivity-modulated FETs over the standard 
MOSFETs could be perhaps 50 to 1. These reductions in 
on-state resistance per unit area that the conductivity- 
modulated FETs can achieve present the possibility that 
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high-voltage high-current FET-type devices can become 
more readily available because of the smaller die sizes 
associated with conductivity-modulated FETs. 


Comparison of Standard and Conductivity-Modulated 
FETs 


Standard and conductivity-modulated FETs share some 
characteristics, but are substantially different in others. 
Shown in Table 1 is a listing of the major characteristics that 
make the conductivity-modulated FETs unique among 
power semiconductor families. Foremost, it is a voltage- 
gated device; its input characteristics are similar to standard 
power MOSFETs of comparable chip size. Very little drive 
power is required at low to moderate switching frequencies. 
The device remains under the control of the gate within its 
normal operating conditions. It exhibits the normal linear 
mode as well as the fully saturated on-state of conventional 
power MOSFETs. When the gate voltage is removed, the 
device turns off, unlike the thyristor family of power 
semiconductors, which must be either externally or naturally 
(internally) commutated. 


TABLE 1. CONDUCTIVITY-MODULATED FET 
CHARACTERISTICS 


Voltage Gated Small gate power required. Similar 
| to standard power MOSFET. 
| Turn Off | When gate drive is removed... 
Unlike an SCR! 
Nonlinear On-State | Like that of an SCR. 


Voltage drop 
| Turn On Speed Fast! Comparable to a standard 
| power MOSFET. 
Turn-Off Speed Slow! Comparable to a bipolar 
transistor. 
Temperature Independent | Unlike the typical 2x variation of a 
On-State Voltage Drop power MOSFET. 


The on-state voltage drop or resistance characteristic of a 
conductivity-modulated FET is markedly different from that 
of a standard power MOSFET, and is similar to that of a 
thyristor family member, the SCR. There is an offset voltage 
component (typically 0.6V) due to the p-n junction on the 
drain side, and a somewhat nonlinear resistive component, 
both of which are in series between the drain and source 
terminals. This series arrangement results in a_ highly 
nonlinear equivalent resistance, unlike the linear resistive 
characteristic of Vogion) Of a standard FET. 


The structure of the conductivity-modulated FET operates 
during its turn on just as a standard FET does, hence its 
turn-on speed is very similar to that of a standard FET. With 
its high input impedance and its short propagation delay, the 
turn-on transition of the conductivity-modulated FET, as well 
as the standard power FET, is easily controlled by the gate 
driving circuit. This characteristic allows the designer the 
ability to control EMI and RPI generation easily. With other 
power semiconductors, it may be necessary to employ elab- 
orate circuit schemes to limit rapidly rising in-rush currents. 


A significant characteristic that must be considered in power 
switching applications is that of turn-off speed. The internal 


action that makes the conductivity-modulated FET such a 
silicon-efficient device also makes it an inherently slower 
device during turn-off. The injection of the minority carriers 
during the on-state conduction of current results in these 
carriers being present at the moment of turn-off. Without any 
way of removing these carriers by external means, they must 
recombine within the structure itself before the device can 
revert to its fully off-state condition. The quantity of these 
carriers and how fast they can deplete themseives 
determines the turn-off switching speed of the conductivity- 
modulated FET. This process of recombination is 
considerably slower than the simple discontinuance of 
majority carrier flow by which the standard power FET turns 
off. Hence, again, the conductivity-modulated FET is an 
inherently slower device. Its turn-off speed lies somewhere 
between the performance of a thyristor and that of a bipolar 
transistor. 


The final characteristic that makes the conductivity- 
modulated FET different from a conventional FET is the 
variance of on-state voltage with temperature. The 
characteristic of the conductivity-modulated FET is similar to 
that of an SCR, varying about -0.6mV/°C. The conventional 
FET has a positive temperature coefficient such that on 
high-voltage devices the Rogiony will double from its +25°C 
value when the junction temperature reaches +150°C. The 
system designer must take this characteristic into consider- 
ation when the heat sink is being designed for the system. 


It is these similarities and differences that make the conduc- 
tivity-modulated FET a unique member of the family of 
power-semiconductor switching devices. Applications of this 
alternative power switching device invariably make use of 
one or more of its unique characteristics. 


Applications 
Automotive Ignition 


An application that can take advantage of the low drive- 
power capability of the conductivity-modulated FET is the 
electronic automotive ignition system. In Figure 2, the control 
IC takes the signal from the pickup coil located in the 
distributor and regulates the current through the ignition coil. 
At the proper time, the IC removes base drive from the 
bipolar transistor, which all systems currently employ as their 
coil driver. This removal of base drive allows the transistor to 
shut off which, in turn, causes a rapid decrease in the 
ignition-coil primary current. As the primary current 
decreases to zero, the energy stored in the field surrounding 
the primary is transferred to the secondary coil. The 
secondary coil, consisting of many more turns than the 
primary, transforms this energy into a higher voltage, 
resulting in a spark being generated in the cylinder. The 
control IC determines when this spark occurs, so as to 
derive usable power. With the use of a bipolar transistor, it is 
estimated that approximately two-thirds of the power 
dissipation that occurs in the control IC is the result of the 
need to be able to drive the required base current of the 
ignition output transistor. The high-impedance input of the 
conductivity-modulated FET virtually eliminates the base- 
current drive dissipation of the control IC. 
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With improved silicon usage, the conductivity-modulated 
FET brings to power semiconductor switching devices the 
die size necessary to attain the required voltage and current- 
handling capabilities of the electronic ignition. This smaller- 
sized die makes possible smaller modules, whether they be 
hybrid or standard PC-based systems, than those currently 
implemented with bipolar-transistor technology. 


Brushless DC Motors 


Another emerging application that can make use of 
conductivity-modulated FETs is the emerging field of 
brushless DC motors. In this class of application, the solid- 
state devices are used to electronically switch the voltage to 
the multiplicity of windings that are employed. The motor 
consists of an armature that has a number of N and S poles 
consisting of high-strength permanent magnets. The stator 
is made up of the multiplicity of windings that were 
mentioned above; the windings are spaced incrementally 
about the outside frame of the housing. The voltages to 
these windings are all electronically switched to create a 
rotating magnetic field. The armature then rotates to 
maintain its relative position within the moving magnetic 
field. The switching of the voltage on the stator windings is 
done by means of power semiconductor devices. A basic 
block diagram of such a system is shown in Figure 3. 


The control logic provides the proper sequence of drive 
signals based on the rotation direction desired, the speed 
desired, and the enable input. These requirements are 
combined with the inputs from the hall-effect sensors to 
determine which power devices should be activated. Since 
the current through the stator windings must be bidirectional, 
the half-bridge or totem-pole output configuration is used to 


BATTERY 


CONTROL 
Ic 


C5 


steer the current. This circuit implementation is generally 
performed with complementary devices, although single- 
polarity devices can be used with increased circuit 
compiexity. 


In a typical 120V off-line system, like the one shown in 
Figure 3, the switching devices must have a 300V to 400V 
blocking capability. For larger size motors, where larger 
currents are necessary, the use of power FETs generally 
implies the use of large die to achieve a low power 
dissipation to meet the heat-dissipation capability of the 
packaging. The conductivity-modulated FET, with its 
temperature-independent on-state-voltage-drop characteris- 
tic, helps this situation by keeping the dissipation lower than 
can be achieved with a standard power FET because of the 
increasing Rpsyon) characteristic of that device. The small 
die size of the conductivity-modulated FET, the result of 
better silicon utilization, again makes them the practical 
choice in motor control not only because of their electrical 
characteristics, but also because of the lower manufacturing 
cost of the die. 


As stated above, system complexity can be reduced with 
complementary devices. Although p-channel conductivity- 
modulated FETs are not yet commerically available, 
laboratory samples have been fabricated which offers 
better silicon utilization efficiency than their conventional p- 
channel counterparts. This statement is based on the fact 
that p-channel MOSFETs require a 2.5 times larger area 
than an n-channel device for the same Rogion). The easier 
drive requirements for the n-channel (directly driven from 
the control IC) and the simplified voltage-translation circuit 
for driving the p-channel devices, combined with the 
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FIGURE 2. TYPICAL IGNITION SYSTEM 
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smaller die size with potentially lower device cost for 
comparable power handling capability, makes the 
conductivity-modulated FET a natural for the brushless DC 
motor application. 


Switching Power Supply 


One final application that has the potential for conductivity- 
modulated FET usage is the switching power supply. A half 
bridge configuration implementation is presented in Figure 4. 
The system shown uses a standard PWM control IC to drive 
the conductivity-modulated FETs through the T2 
transformer. The voltage drive characteristic of these 
devices makes the design of transformer T2 quite simple. 
The control IC is more lightly loaded because it does not 
have to supply a continuous base drive, as would be 
necessary with bipolar transistors. 


The operating frequency and the “dead time” are the limita- 
tions placed on this system when conductivity-modulated 
FETs are used. The inherent lower switching speeds of 
these types of devices make these limitations necessary. 
The system is currently limited to the 20kHz to 30kHz range, 
with dead times as low as 1 to 2 microseconds. This charac- 
teristic is comparable to many existing bipolar systems. 


FULL WAVE 
115 VAC] RECTIFIER | 


+++ 
(150V) 


+ 
(12V) 


Improvements in switching speeds will occur as the 
conductivity-modulated FET matures. It is, however, unlikely 
that they will ever have the same switching speeds as 
standard power FETs. This limitation prohibits their use in 
some of the newer higher-frequency power supplies being 
designed now with conventional FETs. However, in higher- 
power supplies, where conventional FETs must be paralleled 
to achieve a low enough Rpgony for good efficiency, the 
conductivity-modulated FET may present a viable alternative 
with its smaller die size. Although the operating frequency of 
the system may have to be compromised to use them. 


Conclusion 


The conductivity-modulated FET represents a progression in 
the ever-advancing state-of-the-art development that occurs 
in the world of solid-state devices. The unique structure of 
these devices presents characteristics that make them equiv- 
alent in many ways to conventional FETs but superior in other 
ways. The system designer must take into account these sim- 
ilar and dissimilar characteristics to properly use them. The 
capabilities of the conductivity-modulated FETs allow them to 
make inroads into applications currently served by bipolar 
transistors, and in some cases conventional power FETs. As 
the devices mature through innovation and product refine- 
ment, conductivity-modulated FETs will become vital mem- 
bers of the family of solid-state power-semiconductor devices. 
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FIGURE 3. CONTROL CIRCUIT FOR THREE-PHASE BRUSHLESS DC MOTOR 
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Harris Power MOSFETs 


THE IGBTs - ANEW HIGH CONDUCTANCE 
MOS-GATED DEVICE 


Author: J.P. Russell, A.M. Goodman, L.A. Goodman and J.M. Neilson 


Abstract 


A new MOS gate-controlled power switch with a very low on- 
resistance is described. The fabrication process is similar to 
that of an n-channel power MOSFET but employs an n’-epi- 
taxial layer grown on a p* substrate. In operation, the 
epitaxial region is conductivity modulated (by excess holes 
and electrons) thereby eliminating a major component of the 
on-resistance. For example, on-resistance values have been 
reduced by a factor of about 10 compared with those of 
conventional n-channel power MOSFETs of comparable size 
and voltage capability. | 


Introduction 


Vertical MOSFETs have become increasingly important in 
discrete power device applications due primarily to their high 
input impedance, rapid switching times, and low on- 
resistance. However, the on-resistance of such devices 
increases with increasing drain-source voltage capability, 
thereby limiting the practical value of power MOSFETs to 
applications below a few hundred volts. In this letter, we 
describe the fabrication and characteristics of a new vertical 
power MOSFET structure that provides an on-resistance 
value about 10 times smaller than that of conventional power 
MOSFETs of the same size and voltage capability. In this 
device, the conductivity of the epitaxial drain region of a 
conventional MOSFET is dramatically increased 
(modulated) by injected carriers; this mechanism results in a 
significant reduction in the device on-resistance and leads to 
the acronym IGBTs (Insulated Gate Bipolar Jransistor). 


This device, while similar in structure to the MOS-gated 
thyristor,*> is different in a fundamental way; it maintains 
gate control (doesn't latch) over a wide range of anode 
current and voltage.® The structure and the equivalent circuit 
for the IGBTs are shown in Figure 1(a) and (b); they are sim- 
ilar to those of an MOS-gated thyristor, except for the pres- 
ence of the shunting resistance Rg in each unit cell. The 
fabrication is like that of a standard n-channel power 
MOSFET except that the n’-epitaxial Si layer is grown on a 
p* substrate instead of an n+ substrate. The heavily doped 
p* region in the center of each unit cell, combined with the 
sintered aluminum contact shorting the n* and p* regions, 
provides the shunting resistance shown in Figure 1(b). This 
has the effect of lowering the current gain of the n-p-n 
transistor (an-p-n) so that an-p-n + ap-n-p <1. Thus latching 
is prevented and gate control is maintained within a large 
operating range of anode voltage and current.® 
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(B) EQUIVALENT CIRCUIT 


In the remainder of this note we describe the operation and 
characteristics of this device. 


Device Operation 


The IGBT is a four-layer (n-p-n-p) device with an MOS-gated 
channel connecting the two n-type regions. In the normal 
mode of operation, a positive voltage is applied to the anode 
(A) relative to the cathode (K). When the gate (G) is at zero 
potential with respect to K, no anode current (iq) flows for 
anode voitage V, below the breakdown level Var . When Va 
< Ver and the gate voltage is larger than the threshold value 
Ver, electrons pass into the n-region (base of the p-n-p 
transistor). These electrons lower the potential of the n- 
region, forward biasing the p* - n° (substrate-epi-layer) 
junction, thereby causing holes to be iniected from the p+ 
substrate into the n” epi-layer region. The excess electrons 
and holes modulate the conductivity of the high-resistivity n- 
region, which dramatically reduces the on-resistance of the 
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device. During normal operation, the shunting resistor (Rg) 
keeps the emitter current of the n-p-n transistor very low, 
which keeps an-p-n very low. However, for sufficiently large 
ia, Significant emitter injection may occur in the n-p-n transis- 
tor, causing an-p-n to increase; in this case the four-layer 
device may latch, accompanied by loss of control by the 
MOS gate. In this event, the device may be turned off by 
lowering i, below some “holding” value, as is typical of a 
thyristor. 


Device Characterization 


Two different lots of IGBT structures, consisting of about 10 
wafers/lot, have been successfully prepared to date. From 
these wafers, 1.5mm and 3mm _ square devices were 
fabricated using a standard HEXFET geometry” with a 
polysilicon gate electrode over an SiO. gate dielectric. 
Several hundred IGBT were mounted in standard TO-3 and 
TO-66 packages and characterized under DC and pulsed 
conditions, as described below. 


With zero gate bias, the forward characteristic of a IGBTs 
shows very low current (<1nA) up to about 390V, where it 
breaks up sharply to much larger current levels with only a 
slight increase in voltage. If the internal junction between the 
p* substrate and the n° epitaxial layer had been edge- 
passivated, a similar reverse breakdown characteristic would 
be expected. The actual reverse breakdown voltage for our 
devices was about 100V because edge passivation was not 
used. 


Figure 2(a) shows the MOSFET-like transfer characteristics 
of an IGBT in the low gate-voltage region. A noteworthy fea- 
ture of the IGBT characteristic is the ~0.7V offset, from the 
origin, of the steeply rising portion of the i(v) characteristics. 
This offset is the voltage required to forward bias the pt - n° 
(substrate-epi-layer) junction, and is an integral characteris- 
tic of the present device. 


Figure 2(b) shows the i(v) characteristic of an IGBT with 
Vg = 20V, and demonstrates the low on-resistance of the 
device (~0.084Q at 20A). The on-resistance values of 
nearly all of the many IGBT fabricated to date have been 
less than 0.1Q (at 20A) for the 3mm square devices. Such 
values compare very favorably with those of conventional 
power MOS structures, as illustrated in Figure 3. Here, the 
open data points (and the upper curve) are from data 
sheet specifications of commercial power MOSFETs 
(Harris, IRC, and Motorola). The solid data points (and the 
lower curve) are those of Baliga, which he labelled “state- 
of-the-art’,? supplemented with some of the “best” of 
Harris’ commercial and developmental MOSFETs. Note 
that the on-resistance of the IGBT is approximately 10 
times less than that of a 400V state-of-the-art MOSFET. 
Moreover, similarly low on-resistance values should be 
obtainable from IGBT designed for higher drain-source 
voltages. This is due to the fact that the resistance of the 
modulated region is determined by the concentrations and 
mobilities of the excess carriers (as in a p-i-n diode)® 
rather than by the background doping of the layer. In 
particular, the epi-layer doping and thickness of our 
present IGBT structures were designed for 600V, but Vopr 
was limited to 400V by the edge design of the device. An 


improved edge design should provide a_ blocking 
capability closer to bulk breakdown, without altering the 
on-resistance of the device. This would make the IGBTs 
on-resistance of less than 0.12 even more attractive for 
high-voltage applications. 


% OF COLLECTOR 
PEAK VOLTS 


16.4 


PULSE TEST: PULSE WIDTH = 25018, DUTY CYCLE < 0.5% 
ae 


| CURSOR 


| PER STEP 
5V 
OFFSET 


| % OF COLLECTOR 
PEAK VOLTS 


27.8 


PULSE TEST: PULSE WIDTH = 250us, DUTY CYCLE < 0.5% 
(B) 


FIGURE 2 - (A) MOSFET - Like Characteristic 
(B) IGBT i(v) with Vg = 20V 


Transient Response Measurement 


Switching time measurements under pulsed gate-voltage 
operation were used to characterize the transient operation 
of the device. The response of the anode current to a 
square-wave gate-voltage pulse is comprised of a rapid turn- 
on (with a typical time less than 11s) and a somewhat slower 
turn-off. We observed that the turn-off transient consists of 
an initial “fast” component, followed by a “slow’ tail, as 
shown in Figure 4. 


We believe that the initial rapid decay is due to the turn-off of 
the MOS portion of the equivalent circuit, and the turn-off tail 
is due to the time required for the excess carriers in the 
epitaxial drain region to decay. In general, turn-off times in 
the range of 5yus to 20s were observed, with the precise 
value depending on circuit conditions and the turn-off time of 
the gate pulse. 
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The n-p-n-p structure of the IGBTs is similar to that of a thy- 
ristor and can be forced to latch under sufficiently high drive 
conditions. We have observed latching currents in the range 
10A - 30A in 3mm square chips. The magnitude of the latch- 
ing current has been found to depend on both anode voltage 
and temperature, decreasing with increasing anode voltage 
or increasing temperature. 


More interestingly, the latching current is also strongly 
influenced by the gate voltage turn-off time. Slow gate turn- 
off (~10us) permits anode currents up to 30A without 
latching. However, rapid gate turn-off (< ius) leads to latch- 
ing at a much lower anode current level (~10A) in the same 
device. We believe that latching during rapid turn-off of the 
gate voltage is due to current being forced through the n-p-n 
transistor causing an-p-n to increase, and leading to the 
condition for latching, an-p-n + ap-n-p = 1. Slow turn-off of 
the gate voltage prevents this, since the induced channel 
turns off slowly and partially shunts the n-p-n transistor; the 
small current through this transistor keeps an-p-n sufficiently 
low to avoid latching. 
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FIGURE 3. SPECIFIC ON-RESISTANCE vs DRAIN-SOURCE 
VOLTAGE CAPABILITY FOR STATE-OF-THE-ART 
POWER MOSFETS AND THE IGBTs 


Summary 


A new MOS-gate-controlled power device, the IGBTs, has 
been described. The device has the desirable feature of a 
very low on-resistance similar to that of a thyristor, but is 
capable of maintaining gate control of the anode current over 
a wide range of operating conditions. The low on- resistance 
is due to conductivity modulation of the n epitaxial layer 
equivalent to the extended drain in a power MOSFET; this 
carries with it the penalty of slow switching compared with 
that of a conventional power MOSFET. 
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FIGURE 4. GATE VOLTAGE (LOWER TRACE) AND ANODE 
CURRENT (UPPER TRACE) WAVEFORMS FOR 
i,(MAX) = 8A 
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Harris Power MOSFETs 


IMPROVED IGBTs WITH FAST SWITCHING SPEED 
AND HIGH-CURRENT CAPABILITY 


Author: A.M. Goodman, J.R. Russell, L.A. Goodman, C.J. Nuese and J.M. Neilson 


Abstract 


Conventional vertical power MOSFETs are limited at high 
voltages (>500V) by the appreciable resistance of their epi- 
taxial drain region. In a new MOS-gate controlled device 
called an IGBT, this limitation is overcome by modulating the 
conductivity of the resistive drain region, thereby reducing 
the on-resistance of the device by a factor of at least 10. 
However, the device previously described is slow in turnoff, 
having a fall time in the range 8 to 40us. The purpose of our 
present work has been to reduce the fall time significantly 
and to increase the latching current level of the IGBTs, while 
retaining its desirable features. By modification of the epitax- 
ial structure and addition of recombination centers, we have 
achieved fall times as low as 0.118 and latching currents as 
high as 50A, while retaining on-resistance values <0.2Q for 
a 0.09cm? chip area. The techniques used for the introduc- 
tion of recombination centers include electron, gamma-ray, 
and neutron irradiation, as well as heavy metal doping. For a 
series of IGBTs (with forward-blocking voltage capabilities of 
400-600V), the fall time can be reduced by more than one 
order of magnitude with a penalty of less than a 20% 
increase in on-resistance. 


Introduction 


Vertical MOSFETs have become increasingly important in 
discrete power device applications due primarily to their high 
input impedance, rapid switching times and low on-resis- 
tance. However, the on-resistance of such devices increases 
with increasing drain-source voltage capability,'~> thereby 
limiting the practical value of power MOSFETs to applica- 
tions below a few hundred volts. This limitation has been 
effectively overcome by the development of a new MOS 
power device in which the conductivity of the n-type epitaxial 
drain region is greatly increased (modulated) by the injection 
of minority carriers from a p-type substrate. We have called 
this device a COMFET-an acronym for COnductivity Modu- 
lated Field Effect Transistor;* the device has also been 
called an IGBT or Insulated Gate Bipolar Transistor. 


The devices, as originally described, had most of the advan- 
tages of conventional power MOSFETs; in addition, they 
exhibited more than an order-of-magnitude reduction in high 
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current on-resistance values, permitting improved utilization 
of silicon chip area. However, they also had two disadvan- 
tages: 


When a IGBT is turned off, the injected minority carriers that 
remain in the epitaxial drain region decay by recombination with 
majority carriers at a rate determined by the minority-carrier life- 
time, Te. Large values of T resulted in anode-current fall time, tp, 
in the range 8-40ms. *° 


The maximum operating current is limited by latchup of the para- 
Sitic thyristor that is inherent in the device structure. Typical latch- 
ing current levels of |, < 10A were observed in 0.09cm2 area 
devices when the gate voltage was turned off rapidly (<1ms); for 
slower gate voltage turnoff (~10ms), |, values as high as ~30A 
were observed. 


The purpose of the present work has been to reduce te and to 
increase |, while retaining the desirable features of the device. By 
modifying the epitaxial structure and adding recombination cen- 
ters to the epitaxial drain region, we have achieved te values as 
low as 100ns and |, values as high as 50A with rapid gate volt- 
age turnoff. 


Modified Structure 


A schematic diagram of the original IGBT structure* is shown 
in Figure 1(a), and the equivalent circuit is shown in Figure 
1(b); they are similar to those of an MOS-gated thyristor 
except for the presence of the shunting resistance Rs in each 
unit cell. The fabrication is like that of a standard n-channel 
power MOSFET, except that the n-epitaxial layer is grown on 
a p+ substrate instead of an n+ substrate. The heavily doped 
p+ region in the center of each unit cell, combined with the 
aluminum contact shorting the n+ and p+ regions, provides 
the shunting resistance RS. This has the effect of lowering the 
current gain of the n-p-n transistor in the equivalent circuit so 
that npn + apnp <1, thereby preventing latching over a large 
operating range of anode voltage Va, and anode current i,. 
However, for sufficiently large i,, emitter injection in the n-p-n 
transistor will increase, accompanied by an increase in anpn. 
When anpn + pnp increases to 1, the four-layer device will 
latch; the level of i, at which this occurs is the latching current 
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level, I. Thus, it can be seen that a structure modification that 
lowers pnp will allow a greater range of i, (and onpn) with- 
out latching; that is, a reduction in a@pnp corresponds to an 
increase in |, . | 


The modified structure shown in Figure 1(C) differs from that in 
Figure 1(A) by the addition of a thin (~10mm) layer of n+ silicon 
in the epitaxial structure between the n- region and the p+ sub- 
strate. This n+ layer lowers the emitter injection efficiency of the 
p-n-p transistor in the equivalent circuit, and results in an 
increase in |, by a factor of 2 to 3. In addition, there is also a 
reduction in tr. 


These results are illustrated in Figure 2, in which te, is plot- 
ted versus i, for each device structure. It should be noted 
that IGBTs with the modified structure can block high voltage 
only in the forward voltage direction since the emitter junc- 
tion (p+ - n+) of the p-n-p transistor breaks down at a low 
level when the polarity of the applied voltage is reversed. 


ALUMINUM 


POLYSILICON 


n- EPITAXIAL LAYER 


p+ (100) SUBSTRATE 


(A) ORIGINAL STRUCTURE 


> SHUNTING 
RESISTANCE 


(B) EQUIVALENT CIRCUIT 


ALUMINUM 


POLYSILICON 


p- 
n- EPITAXIAL LAYER 


p+ (100) SUBSTRATE 


(C) MODIFIED STRUCTURE 


FIGURE 1. (A) SCHEMATIC DIAGRAM OF ORIGINAL IGBTs 
STRUCTURE. 


(B) EQUIVALENT CIRCUIT 


(C) SCHEMATIC DIAGRAM OF MODIFIED STRUC- 
TURE 


ORIGINAL 
STRUCTURE 


te - 90% TO 10% DECAY TIME (1s) 


I, - ANODE CURRENT (A) 


FIGURE 2. ANODE-CURRENT FALL TIME te VERSES ANODE 
CURRENT FOR ORIGINAL STRUCTURE AND 
MODIFIED STRUCTURE. 


Addition Of Recombination Centers 


We have used a variety of techniques to add recombination 
centers to IGBTs; these include high energy electron, 
gamma ray, and fast neutron irradiation, as well as heavy 
metal doping. The irradiations were carried out after 
completion of all of the high-temperature processing steps, 
but in each case an additional heat treatment was necessary 
to stabilize the devices by annealing out gate oxide charge, 
as well as those radiation induced defects in the silicon 
(recombination centers) that would otherwise anneal out 
slowly at the device operating temperature.’ Typical values 
of te of the order of ips or less were achievable using any of 
the techniques. 


AFTER IRRADIATION 
AND ANNEALING 


te - 90% TO 10% DECAY TIME (ys) 


0 5 1 15 20 25 
la - ANODE CURRENT (A) 
FIGURE 3. ANODE-CURRENT FALL TIME te VERSUS ANODE 
CURRENT FOR AN AS-FABRICATED DEVICE AND 


AFTER 14MeV NEUTRON IRRADIATION (10'n/ 
cm?) FOLLOWED BY ANNEALING AT +300°C. 


An example of the variation of te, with i, (1) as fabricated 
and (2) after irradiation with 14MeV neutrons and annealing 
is shown in Figure 3. Here, the neutron fluence was ~10'Sn/ 
cm?; this was followed by annealing at +300°C. Note that tp, 
has not only been drastically reduced, but is virtually con- 
stant at ~0.6ys; i.e., almost independent of i,. 


8-68 


Application Note 8603 


TOP: ANODE CURRENT, 5A/DIV 
BOTTOM: GATE VOLTAGE, 20V/DIV 
5us/DIV 


ANODE CURRENT ON 
EXPANDED TIME SCALE 
5A/DIV 


100ns/DIV 
teat ~ 160ns 


FIGURE 4. IGBTs ANODE CURRENT AND GATE VOLTAGE WAVEFORMS 


It is possible to lower tr, still further by appropriate irradiation 
and annealing or by heavy metal doping procedures, 
although this is not necessarily desirable for reasons that are 
discussed below. The smallest values of ts, that we have 
obtained for fully stabilized IGBTs is in the range 100ns to 
200ns. This is illustrated in Figure 4. 


The reduction in minority carrier lifetime that allows faster 
switching also carries with it a penalty higher forward voltage 
drop when the device is turned on; i.e., higher on-resistance. 
Since, in the forward conduction of an IGBT, current and 
voltage are not linearly related, it is necessary to specify a 
current level at which to compare on-resistance values of 
different devices. In Figure 5 we plot the on-resistance (at i, 
= 20A) of a series of devices with 0.09cm? chip area against 
their ts, values after irradiation and annealing. All tz. values 
shown were obtained at i, = 5A; for the devices with short 
switching times, ts is virtually independent of is. Clearly, 
there is a trade-off involved, and the optimum choice of a 
value for t., and the corresponding on-resistance value will 
depend, to some extent, on the intended application. 
However, even for the shortest switching times shown 
(100ns), the on-resistance value of 0.2Q is approximately an 
order-of-magnitude less than that of comparably sized 
n-channel MOSFETs. 


ON-RESISTANCE (Q) 


te - FALL TIME (uS) 


FIGURE 5. ON-RESISTANCE vs. ANODE-CURRENT FALL TIME 
t; FOR A SERIES OF IGBTs AFTER VARIOUS IRRA- 
DIATION AND ANNEALING TREATMENTS 
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Temperature Dependence of Tr, And I, 


All of the device performance data presented thus far have 
been measured at room temperature. However, power 
devices are often operated at elevated temperatures, and it 
is important to determine how their performance varies with 
temperature. In Figure 6 the variation of te and |, for a device 
that has been irradiated and annealed is plotted versus tem- 
perature in the range +25°C to +150°C. This behavior is typ- 
ical of all of the devices we have tested; i.e., te increases and 
I, decreases with increasing temperature, both by a factor of 
between 2 and 3 in the interval +25°C to +150°C. 


LATCHING CURRENT I, (A) 


FALL TIME te (us) 


100 
TEMPERATURE (°C) 


0 50 


FIGURE 6. VARIATION OF ANODE-CURRENT FALL TIME t- 
AND LATCHING CURRENT |, WITH TEMPERATURE 


Summary 


By modification of the epitaxial structure of the IGBT and the 
addition of recombination centers, we have achieved anode- 
current fall times as low as 100ns in IGBTs with latching 
currents as high as 50A for a 0.09cm? chip area. We have 


described the trade-off between on-resistance and anode- 
current fall time that may be obtained, and have 
demonstrated the variation of anode-current fall time and 
latching current with operating temperature. 
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INSULATED-GATE TRANSISTORS SIMPLIFY AC-MOTOR 
SPEED CONTROL 


Authors: Marvin Smith, William Sahm and Sridhar Babu 


An IGT’s few input requirements and low On-state resistance 
simplify drive circuitry and increase power efficiency in motor- 
contro! applications. The voltage-controlled, MOSFET-like 
input and transfer characteristics of the insulated-gate transis- 
tor (IGT) (see EDN, September 29, 1983, pg 153 for IGT 
details) simplify power-control circuitry when compared with 
bipolar devices. Moreover, the IGT has an input capacitance ON fe Voc 
mirroring that of a MOSFET that has only one-third the power- 7 OFF * Ki) 15s rr S 25V 
handling capability. These attributes allow you to design sim- 
ple, low-power gate-drive circuits using isolated or level-shift- 
ing techniques. What’s more, the drive circuit can control the = Rg CONTROLS torr 
IGT's switching times to suppress EMI, reduce oscillation and 
noise, and eliminate the need for snubber networks. 


Vec 0 


FIGURE 1A. SIMPLE DRIVING AND TRANSITION-TIME 
CONTROL 
Use Optoisolation To Avoid Ground Loops 


The gate-drive techniques described in the following sections 

illustrate the economy and flexibility the IGT brings to power 

control: economy, because you can drive the device’s gate 

directly from a preceding collector, via a resistor network, for 

example; flexibility, because you can choose the drive circuit's 

impedance to yield a desired turn-off time, or you can use a _J Lorr 
switchable impedance that causes the IGT to act as a charge- 

controlled device requiring less than 10 nanocoulombs of Ry CONTROLS GATE 
drive charge for full turn-on. SUPPLY POWER LOSS 
Ro CONTROLS torr 


Rj + Re CONTROLS ton 


Take Some Driving Lessons 


Note the IGT’s straightforward drive compatibility with CMOS, 

NMOS and open-collector TTL/HTL logic circuits in the 

common-emitter configuration Figure 1A. Rg controls the turn- FIGURE 1B. A SECOND POWER SUPPLY 

off time, and the sum of Rg and the parallel combination of R, 

and Ro sets the turn-on time. Drive-circuit requirements, Voc. 

however, are more complex in the common-collector 15s = 

configuration Figure 1B. 1 2 

Rg CONTROLS torr 

Ro + Rg CONTROLS ton 
5C 


APPLICATION 


In this floating-gate-supply floating-contro! drive scheme, R, 
controls the gate supply’s power loss, R, governs the turn-off . 
time, and the sum of R, and Rp sets the turn-on time. Figure , | t« 
1C shows another common-collector configuration employing ol | 
a bootstrapped gate supply. In this configuration, Re defines 
the turn-off time, while the sum of Rg and Rg controls the turn- 
on time. Note that the gate’s very low leakage allows the use 
of low-consumption bootstrap supplies using very low-value 
capacitors. Figure 1 shows two of an IGT’s strong points. In 
the common-emitter Figure 1A, TTL or MOS-logic circuits can 
drive the device directly. In the common-collector mode, you'll 
need level shifting, using either a second power supply 
Figure 1B or a bootstrapping scheme Figure 1C. FIGURE 1C. BOOTSTRAPPING SCHEME 


loco tees t 2!R 
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In the common-collector circuits, power-switch current 
flowing through the logic circuit’s ground can create 
problems. Optoisolation can solve this problem (Figure 2A.) 
_ Because of the high common-mode dV/dt possible in this 
configuration, you should use an optoisolator with very low 
isolation capacitance; the H11AV specs 0.5pF maximum. 


For optically isolated “relay-action” switching, it makes sense 
to replace the phototransistor optocoupler with an H11L1 
Schmitt-trigger optocoupler (Figure 2B).) For applications 
requiring extremely high isolation, you can use an optical 
fiber to provide the signal to the gate-control photodetector. 
These circuit examples use a gate-discharge resistor to con- 
trol the IGT’s turn-off time. To exploit fully the IGT’s safe 
operating area (SOA), this resistor allows time for the 
device’s minority carriers to recombine. Furthermore, the 
recombination occurs without any current crowding that 
could cause hot-spot formation or latch-up pnpn action. For 
very fast turn-off, you can use a minimal snubber network, 
which allows the safe use of lower value gate resistors and 
higher collector currents. 


Voc @ 


CONTROL |: 
INPUT ,.-""| 


OFF ‘ f 
| lon ‘eeafet” 


’ 


”” HITAV2 


FIGURE 2A. AVOID GROUND-LOOP PROBLEMS BY USING AN 
OPTOISOLATOR. THE ISOLATOR IGNORES SYS- 
TEM GROUND CURRENTS AND ALSO PROVIDES 
HIGH COMMON-MODE RANGE. 


Vcc = 300V © 


CONTROL 
INPUT 


OFF ‘ 
| E ; 


FIGURE 2B. A SCHMITT-TRIGGER OPTOISOLATOR YIELDS 
“SNAP-ACTION” TRIGGERING SIMILAR TO THAT 
OF A RELAY. 


Pulse-Transformer Drive Is Cheap And Efficient 


Photovoltaic couplers provide yet another means of driving the 
IGT. Typically, these devices contain an array of small silicon 
photovoltaic cells, illuminated by an infrared diode through a 
transparent dielectric. The photovoltaic coupler provides an 
isolated, controlled, remote dc supply without the need for 
oscillators, rectifiers or filters. What's more, you can drive it 
directly from TTL levels, thanks to its 1.2V, 20mA input 
parameters. 


Available photovoltaic couplers have an_ output-current 
capability of approximately 100A. Combined with 
approximately 100kQ equivalent shunt impedance and the 
IGT’s input capacitance, this current level yields very long 
switching times. These transition times (typically ranging to 1 
msec) vary with the photovoltaic coupler’s drive current and the 
IGT’s Miller-effect equivalent capacitance. 


Figure 3 illustrates a typical photovoltaic-coupler drive along 
with its transient response. In some applications, the 
photovoltaic element can charge a storage capacitor that’s 
subsequently switched with a phototransistor isolator. This 
isolator technique - similar to that used in bootstrap circuits 
provides rapid turn-on and turn-off while maintaining small size, 
good isolation and low cost. 


In| common-collector applications involving high-voltage, 
reactive-load switching, capacitive currents in the low-level logic 
circuits can flow through the isolation capacitance of the control 
element (eg, a pulse transformer, optoisolator, piezoelectric 
coupler or level-shift transistor). These currents can cause 
undesirable effects in the logic circuitry, especially in high- 
impedance, low-signal-level CMOS circuits. 


CONTROL 
INPUT 


‘ 
é 
s 
é 
4 
4 
s 


OUTPUT ce ~~ 


CURRENT j 


INPUT 


CURRENT 2mSEC 


FIGURE3. AS ANOTHER OPTICAL-DRIVE OPTION, A PHOTO- 
VOLTAIC COUPLER PROVIDES AN ISOLATED, 
REMOTE DC SUPPIY TO THE IGT’S INPUT. ITS 
LOW 100A OUTPUT, HOWEVER, YIELDS LONG 
IGT TURN-ON AND TURN-OFF TIMES. 
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The solution? Use fiber-optic components Figure 4 to eliminate 
the problems completely. As an added feature, this low-cost 
technique provides physical separation between the power and 
logic circuitry, thereby eliminating the effects of radiated EMI and 
high-flux magnetic fields typically found near power-switching 
circuits. You could use this method with a bootstrap-supply 
Circuit, although the fiber-optic system’s reduced transmission 
efficiency could require a gain/speed trade-off. The added bipolar 
signal transistor minimizes the potential for compromise. 


CONTROL 1N914 
INPUT 


GFOE1A1 


10M (30FT) 
EMITTER QSF2000C DETECTOR 
(DISCONNECTED) __. (W/CONNECTORS) (CONNECTED) 


FIGURE 4. ELIMINATE EMI IN HIGH-FLUX OR NOISE ENVE- 
RONMENTS BY USING FIBER-OPTIC COMPO- 
NENTS. THESE PARTS ALSO ALLEVIATE 
PROBLEMS ARISING FROM CAPACITIVE COU- 
PLING IN ISOLATION ELEMENTS. 


Piezos Pare Prices 


A piezoelectric coupler operationally similar to a pulse-train 
drive transformer, but potentially less costly in high volume is 
a small, efficient device with isolation capability ranging to 
4kV. What's more, unlike optocouplers, they require no 
auxiliary power supply. The piezo element is a ceramic 
component in which electrical energy is converted to 
mechanical energy, transmitted as an acoustic wave, and then 
reconverted to electrical energy at the output terminals Figure 
5A. 


The piezo element’s maximum coupling efficiency occurs at 
its resonant frequency, so the control oscillator must operate 
at that frequency. For example, the PZT61343 piezo coupler 
in Figure 5B’s driver circuit requires a 108kHz, +1%-accurate 
astable multivibrator to maximize mechanical oscillations in 
the ceramic material. This piezo element has a 1W max 
power handling capability and a 30mA p-p max secondary 
current rating. The 555 timer shown provides compatible 
waveforms while the RC network sets the frequency. 


isolate With Galvanic Impunity 


Do you require tried and true isolation? Then use 
transformers; the IGT’s low gate requirements simplify the 
design of independent, transformer-coupled gate-drive 
supplies. The supplies can directly drive the gate and its 
discharge resistor Figure 6, or they can simply replace the 
level-shifting supplies of Figure 2. It's good practice to use 
pulse transformers in drive circuitry, both for IGT’s and 
MOSFETs, because these components are economical, 
rugged and highly reliable. 


ACOUSTIC WAVE 


rn, OUTPUT 
VOLTAGE 


FIGURE 5A. YIELDING 4-kV ISOLATION, A PIEZOELECTRIC COUPLER PROVIDES TRANSFORMER-LIKE PERFORMANCE AND AN 


ISOLATED POWER SUPPLY. 


FIGURE 5B. THIS CIRCUIT PROVIDES THE DRIVE FOR THIS ARTICLE’S MOTOR-CONTROL CIRCUIT. 


8-73 


APPLICATION 
NOTES 


Application Note 9318 


gubuesazes : Piezoelectric Couplers Provide 4-kV isolation 
ON e Using a high-frequency oscillator for pulse-train drive Figure 
i a 6B yields unlimited on-time capability. However, the scheme 
INPUT requires an oscillator that can be turned on and off by the 
y ‘ control logic. A diode or zener clamp across the transform- 
neha er’s primary will limit leakage-inductance flyback effects. To 
OFF PULSE optimize transformer efficiency, make the pulses’ voltage x 

TRANSFORMER 


time products equal for both the On and the Off pulses. In 
situations where the line voltage generates the drive power, 
FIGURE 6A. PROVIDING HIGH ISOLATION AT LOWCOST, PULSE a simple relaxation oscillator using a programmable unijunc- 
TRANSFORMERS ARE IDEAL FOR DRIVING THE _ tion transistor can derive its power directly from the line to 
IGT. AT SUFFICIENTLY HIGH FREQUENCIES, C, provide a pulse train to the IGT gate. 
CAN BE THE IGT’S GATE-EMITTER CAPACITANCE 
ALONE. The circuit shown in Figure 7 accommodates applications 
involving lower frequencies (a few hundred Hertz and 
below). The high oscillator frequency (greater than 20kHz) 
helps keep the pulse transformer reasonably small. The volt- 
age-doubler circuitry improves the turn-on time and also pro- 
ANI 1@ @! vides long on-time capability. Although this design uses only 
CONTROL ! a 5V supply on the primary side of a standard trigger trans- 
INPUT | former, it provides 15V gate-to-emitter voltage. 


ead hal 


FIGURE 6B. A HIGH-FREQUENCY OSCILLATOR IN THE TRANS- 
FORMER’S PRIMARY YIELDS UNLIMITED ON-TIME 
CAPABILITY. 


In the pulse-on, pulse-off method Figure 6A, C, stores a 
positive pulse, holding the IGT on. At moderate frequencies 
(several hundred Hertz and above), the gate-emitter 
Capacitance alone can store enough energy to keep the IGT 0.001 pF 

on; lower frequencies require an additional external capacitor. | 

Use of the common-base n-p-n bipolar transistor to discharge 

the capacitance minimizes circuit loading on the capacitor. § FIGURE 7. THIS DRIVING METHOD FOR LOW-FREQUENCY 


This action extends continuous on-time capability without sald decd Sac ceay GicdiGn ae 

capacitor refreshing; i ntrol -di im : 

¥ As ae _ be — Contior Me: galorUee leige Une VOLTAGE RESULTS IN FAST IGT TURN-ON TIME. 
VARIABLE 


ae DC VOLTAGE 
3h 60Hz | THREE-PHASE THREE-PHASE 
BRIDGE SEGUEATOR | TIMING IGT sig cHion 
RECTIFIER VOLTAGE INVERTER 


ENABLE aren 


AND DRIVE 


ADJUST VOLTAGE CURRENT 


SENSE 


5V 
LOW VOLTAGE 
TRANSFORMER 


| POWER SUPPLY VOLTAGE 
FOR CONTROL | 


CIRCUITS 


CONTROLLED} 
f OSCILATOR 


RECTIFIER 
FILTER 


24V aa 


SIGNAL PATH ISOLATOR 
EG: OPTOCOUPLIER PIEZO COUPLER 


FIGURE 8. THIS 6-STEP 3-PHASE-MOTOR DRIVE USES THE IGT-DRIVE TECHNIQUES DESCRIBED IN THE TEXT. THE REGULA- 
TOR ADJUSTS THE OUTPUT DEVICES’ INPUT LEVELS; THE VOLTAGE-CONTROLLED OSCILLATOR VARIES THE 
SWITCHING FREQUENCY AND ALSO PROVIDES THE CLOCK FOR THE 3-PHASE TIMING LOGIC. THE V/F RATIO 
STAYS CONSTANT TO MAINTAIN CONSTANT TORQUE REGARDLESS OF SPEED. 
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Polyphase motors, controlled by solid-state, adjustable-fre- 
quency ac drives, are used extensively in pumps, conveyors, 
mills, machine tools and robotics applications. The specific con- 
trol method could be either 6-step or pulse-width modulation. 
This section describes a 6-step drive that uses some of the pre- 
viously discussed drive techniques (see page 11, “Latch-Up: 
Hints, Kinks and Caveats”). 


Figure 8 defines the drive’s block diagram. A 3-phase rectifier 
converts the 220V ac to dc; the switching regulator varies the 
Output voltage to the IGT inverter. At the regulator’s output, a 
large filter capacitor provides a stiff voltage supply to the 
inverter. 


The motor used in this example has a low slip characteristic 
and is therefore very efficient. You can change the motor’s 
speed by varying the inverters frequency. As the frequency 
increases, however, the motor’s air-gap flux diminishes, reduc- 
ing developed-torque capability. You can maintain the flux at a 
constant level (as in a de shunt motor) if you also vary the volt- 
age so the V/F ratio remains constant. 


Fiber-Optic Drive Eliminates Interference 


In the example given, the switching regulator varies the IGT 
inverter’s output by controlling its de input; the voltage-con- 
trolled oscillator (VCO) adjusts the inverter’s switching fre- 
quency, thereby varying the output frequency. The VCO also 
drives the 3-phase logic that provides properly timed pulsed 
outputs to the piezo couplers that directly drive the IGT. 


Sensing the dc current in the negative rail and inhibiting the 
gate signal protect the IGT from overload and shoot-through 
(simultaneous conduction) conditions. If a fault continues to 
exist for an appreciable period, inhibiting the switching regu- 
lator causes the inverter to shut off. The inverter’s power-out- 
put circuit is shown in Figure 9A; the corresponding timing 
diagrams show resistive-load current waveforms that indi- 
cate the 3-phase power Figure 9B and waveforms of the out- 
put line voltage and current Figure 9C. 


INDUCTION 
MOTOR 


D, - D7 = 1N3913 
Dg - Dy3 = 1N914 
R= 4.7k, '/,W 
C; = 100uF, 400V 
Ly = 40H 


FIGURE 9A. THE POWER INVERTER’S DRIVE CIRCUIT USES SIX IGTS TO DRIVE A 2-HP MOTOR. 


0 t 
IL 

0 t 
ILc 

0 t 


FIGURE 9B. THE TIMING DIAGRAM SHOWS THAT EACH IGT 
CONDUCTS FOR 165° OF EVERY 360° CYCLE; 
THE DELAY IS NECESSARY TO AVOID CROSS 
CONDUCTION. 


FIGURE 9C. THE THREE WINDINGS’ VOLTAGES AND CUR- 
RENTS ARE SHOWN. NOTE THAT ALTHOUGH 
COSTLY SNUBBER NETWORKS ARE ELIMINATED, 
FREEWHEELING DIODES ARE NEEDED; THE IGTS 
HAVE NO INTRINSIC OUTPUT DIODE. 
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in Figure 9's circuit, it appears that IGTs Q, through Qg will 
conduct for 180°. However, in a practical situation, it’s neces- 
sary to provide some time delay (typically 10° to 15° )during 
the positive-to-negative transition periods in the phase cur- 
rent. This delay allows the complementary IGTs to turn off 
before their opposite members turn on, thus preventing 
cross conduction and eventual destruction of the IGTs. 


Because of the time delay, the maximum conduction time is 
165° of every 360° period. Because the IGTs don’t have an 
integral diode, it’s necessary to connect an antiparallel diode 
externally to allow the freewheeling current to flow. Inductor 
L, limits the di/dt during fault conditions; freewheeling diode 
D7 clamps the IGT’s collector supply to the dc bus. 


The peak full-load line current specified by the motor manu- 
facturer determines the maximum steady-state current that 
each transistor must switch. You must convert this RMS- 
specified current to peak values to specify the proper IGT. If 
the input voltage regulator had a fixed output voltage and a 
constant frequency, each IGT would be required to supply 
the starting locked-rotor current to the motor. This current 
could be as much as 15 times the full-load running current. 


It’s impractical, however, to rate an inverter based on locked- 
rotor current. You can avoid this necessity by adjusting the 
switching regulator’s output voltage and by providing a fixed 
output-current limit slightly higher than the maximum full- 
load current. This way, the current requirements during start- 
up will never exceed the current capability of an efficiently 
sized inverter. 


+ FY 0 TO 325v 


For example, consider a 2-hp, 3-phase induction motor 
specifying V_ at 230V RMS and full-load current (I, f,) at 
6.2A RMS. For the peak current of 8.766A, you can select 
IGT type D94FR4. This device has a reverse-breakdown 
SOA (RBSOA) of 10A, 500V for a clamped inductive load at 
a junction temperature of 150°C. A 400V IGT could also do 
the job, but the 500V choice gives an additional derating 
safety margin. You must set the current limit at 9A to limit the 
in-rush current during start-up. Note that thanks to the IGT’s 
adequate RBSOA, you don’t need turn-off snubbers. 


Use 6-Step Drive For Speed-invariant Torque 


Figure 10A shows the inverter circuit configured for this 
example. Diodes D, through Dg carry the same peak current 
as the IGTs; consequently, they're rated to handle peak cur- 
rents of at least 8.766A. However, they only conduct for a 
short time (15° to 20° of 180°), so their average-current 
requirement is relatively small. 


External circuitry can contro! the IGT’s current fall time. 
Resistor R controls te, Figure 10B; there's no way to control 
tro, an inherent characteristic of the selected IGT. In this 
example, a 4.7-kQ gate-to-emitter resistor provides the 
appropriate fall time. The choice of current-limiting inductor 
L,; is based on the IGT’s overload-current rating and the 
action time (the sum of the sensor’s sensing and response 
time and the IGT’s turn-off time) in fault conditions. 


A Ds To 
LOAD 


SWITCHES ON” (1, 4, 5), 
(1, 3, 6), (2, 3, 6), 
(2, 3, 5), (2, 4, 5) 


FIGURE 10A. COMPONENT SELECTION IS IMPORTANT. THE IGT SELECTED CIRCUIT HANDLES 10A, 500V AT 150°C. THE ANTE 
PARALLEL DIODES HAVE A SIMILAR CURRENT RATING. 


FIGURE 10B. SELECT R TO YIELD THE DESIRED TURN-OFF TIME. FINALLY, L1’S VALUE DETERMINES THE FAULT-CONDITION 


ACTION TIME. 
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You could use a set of flip flops and a multivibrator to gener- 
ate the necessary drive pulses and the corresponding 120° 
delay between the three phases in Figure 10’s circuit. A volt- 
age-controlled oscillator serves to change the inverter’s out- 
put frequency. In this circuit, IGTs Q,;, Q3 and Qs require 
isolated gate drive; the drive for Qo, Q, and Q¢g can be 
referred to common. If you use optocouplers for isolation, 
you'll need three isolated or bootstrap power supplies (in 
addition to the 5V and 24V power supplies) to drive the IGTs. 
Another alternative is to use transformer coupling. 


2.5k y 5V 


1N914 1k 


0.001LF 4N914 A7k 


ey) 


165° Conduction Prevents Shoot-Through 


Consider, however, using Figure 11A’s novel, low-cost cir- 
cuit. It uses a piezo coupler to drive the isolated IGT. As 
noted, the coupler needs a high-frequency square wave to 
induce mechanical oscillations in its primary side. The 555 
oscillator provides the necessary 108-kHz waveform; its out- 
put is gated according to the required timing logic and then 
applied to the piezo coupler’s primary. The coupler’s rectified 
output drives the IGT’s gate; the 4.7kW gate-to-emitter resis- 
tor provides a discharge path for Cg¢ during the IGT’s turn- 
off. The circuit’s logic-timing diagram is shown in Figure 11B. 


24V DC BUS 
PIEZOCOUPLER 
470 1NOI4e G1 
D : i) D94FR4 
1k | 
K)as [ezters43] 
CE) a, [pztersas] 
AV 2N3903 
Qs 7 
2N3903 470 oA 


FIGURE 11A. PROVIDING PROPERLY TIMED DRIVE TO THE IGTS, THE CIRCUIT USES PIEZO COUPLING TO THE UPPER POWER 


DEVICE. THE 3-TRANSISTOR DELAY CIRCUIT PROVIDES THE NEEDED 15° LAG TO THE LOWER IGT TO AVOID 


CROSS CONDUCTION. 
VOLTS 
24V 
24V 


100kHz 


BV | 

i ie ne | 
5V | 

A L | 


TIME 
TIME 
TIME 


TIME 


TIME 


FIGURE 11B. THE TIMING DIAGRAM SHOWS THE 555’S 108-KHZ DRIVE TO THE PIEZO DEVICE AND THE LATTER’S SLOW 


RESPONSE. 
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The piezo coupler’s slow response time Figure 12A contrib- 
utes approximately 2° to the 15° to 20° turn-on/turn-off delay 
needed to avoid shoot-through in the complementary pairs. 
The corresponding collector current is shown in Figure 12B. 
C, and its associated circuitry provide the remaining delay 
as follows. 


ee te 


- 
a aed 


go \ 


FIGURE 12A. THE PIEZO COUPLER’S SLOW RESPONSE IS NOT 
A DISADVANTAGE IN THIS ARTICLE’S CIRCUIT. IN 
FACT, IT CONTRIBUTES 2° TO THE REQUIRED 15° 
TURN-ON/TURN-OFF DELAY. 


TRACE VERTICAL HORIZONTAL 
| A 5V/DIV 200uSEC/DIV | 


FIGUI RE 12B. THE DRIVEN NIGTS COLLECTOR CURRENT IS 
SHOWN. 


TRACE | VERTICAL HORIZONTAL 
3A/DIV 200nSEC/DIV 
FB 5V/DIV 200uSEC/DIV 


When Q3's base swings negative, C, - at this time discharged - 
turns on Qs. Once C, is charged, Qs turns off, allowing a drive 
pulse to turn the IGT on. When Q,’s base goes to ground, Q, 
turns on and discharges C,, initiating the IGT’s turn-off. Figure 
13 shows the motor current and corresponding line voltage 
under light-load Figure 12A and full-load Figure 12B conditions. 


FIGURE 13A. MOTOR CURRENT AND VOLTAGE ARE SHOWN 
HERE, FOR LIGHT LOADS 
TRACE VERTICAL HORIZONTAL 


a ae: 1A/DIV imSEC/DIV 
ie ae 50V/DIV 1mSEC/DIV 


FIGURE 13B. MOTOR CURRENT AND VOLTAGE ARE SHOWN 
HERE, FOR HEAVY LOADS. 


TRACE VERTICAL | HORIZONTAL 
ae aa 3A/DIV | 2mSEC/DIV 
8 ieoviow [asco 


To complete the design of the 6-step motor drive, it’s necessary 
to consider protection circuitry for the output IGTs. The drive 
receives its power from a switching supply already containing 
provisions for protection from line over-voltage and under-volt- 
age and transient effects. However, you still have to guard the 
power switches against unwanted effects on the output lines 
and the possibility of noise or other extraneous signals causing 
gate-drive timing errors. 


The best protection circuit must match the characteristics of the 
power switch and the circuit’s bias conditions. The IGT is very 
rugged during turn-on and conduction, but it requires time to 
dissipate minority carriers when turning off high currents and 
voltages. An analysis of the possible malfunction conditions 
shows that a current-sensing over current-protection circuit 
(combined with a di/dt-limiting inductor) provides the most 
complete protection. 
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Tailor Rg_e’s Value To Avoid Latch-up 


To protect against turn-on into a shorted output, you must 
coordinate the response time of the sensing circuit and the 
di/dt-limiting inductance. Moreover, the sensing must be 
accurate, allow tight control, and have low losses and low 
cost. The system in Figure 14 uses such a sensor - a 2mQ 
resistor formed from 1 inch of #24 AWG copper wire with 
Kelvin contacts. The voltage across this resistor is chopped 
and ac-amplified, using the 108-kHz gate-supply oscillator 
as a timing source. 


Low-Cost Sensor Monitors Load Current 


Amplified signals exceeding 1V p-p amplitude set a latch, 
removing gate drive from the IGTs and simultaneously turning 
off the switching regulator via the 3524 control IC. Automatic 
reset occurs after 10 msec, and it repeats if the line current 
stays below the set limit during the high-voltage supply’s turn- 
on. If the restarting line current is higher than normal, the cir- 
cuit latches off during the first reset attempt and stays off until 
the mains voltage shuts down. 


The chopped current-sensing technique proves less costly 
and performs better than Hall-effect sensing systems. Figure 
15 gives a detailed schematic of the protection circuitry. It has 
sufficient bandwidth to provide a 10sec system response 
time and features +2% reproducibility. The circuit is cost effec- 
tive, easily meets system accuracy and speed requirements, 
and operates from the system’s frequency source and power 
supply (adding only 0.5W dissipation). The dominant cost- 
determining factors are the di/dt inductor and the associated 
flyback diode (required for most protection schemes anyway). 


An overview of the protection circuit starts at the current- 
sensing resister in the high-voltage supply’s ground return 
Figure 15A. The two H11F3 bilateral analog FET optoisola- 
tors chop the voltage across the resistor at a 50% duty cycle. 


4 50 TO 320V DC 
eae 


eae 
5V DC 
ISOLATION 
IE GATE i a 


COMPARATOR] 
AND LATCH 


Ac —> ane 
LINE ane 
INPUT ——> 


s 
4 
4 


HV 
DISABLE 


RECYCLE 
TIME | 


ies Nan 


TIMING 


ISOLATION 


The H11F3s’ inputs are driven by a square wave derived 
from a 2-transistor bistable multivibrator that’s clocked from 
the 108kHz 555 timer Figure 15B serving as the piezoelec- 
tric couplers drive source. 


The chopped voltage waveform, a square wave of 1mV peak 
amplitude per ampere of summed motor current, is amplified 
50 to 100 times by a 2-transistor amplifier; its peak value is 
then compared to a 1V reference via a Darlington-SCR com- 
parator. The temperature coefficients of the reference and 
comparator compensate for the copper-wire sensing resis- 
tors TCR (approximately 400 ppm/°C). Note, however, that 
you can change the TC characteristics to suit a particular 
system’s temperature requirements. 


If the amplified signal exceeds the comparator’s reference 
level, the SCR latches on, drawing the lower IGT power 
switches’ gates Low (via the steering diodes) and turning the 
two H11AV2 optoisolators on. These isolators, featuring 
extremely low dielectric capacitance, remove the 108kHz 
signal from the piezo couplers’ inputs, thereby halting power 
flow to the upper IGTs’ gates. The isolators also supply 5V to 
the shutdown pin on the 3524 regulator Figure 15C that con- 
trols the variable high-voltage supply, thereby turning the 
inverters’ input power off. 


Providing three independent shutdown functions (lower and 
upper IGTs and high-voltage supply) yields foolproof protec- 
tion from any foreseeable failure. An RC network times the 
protection circuit’s reset (an action effected by firing an ST4 
pnpn threshold switch) by using the timing capacitor to turn 
the SCR comparator off. If the load current remains above 
limit during the restart time, both the ST4 and the SCR 
remain on, preventing the reset from repeating. This action 
ensures permanent shutdown and prevents repeated power 
cycling of the power switches under shorted-load conditions. 


24V DC di/dt es 


UPPER 3 


-_ | ISOLATION | 
IG 


ewiicHES L MOTOR 


FIGURE 14. THE LOWEST COST SENSOR IMAGINABLE, A PIECE OF COPPER WIRE SERVES AS THE CURRENT MONITOR IN THIS 
SYSTEM. THE CHOPPED AND AMPLIFIED VOLTAGE DROP ACROSS THE WIRE TRIGGERS A GATE-DRIVE SHUT- 


OFF CIRCUIT UNDER FAULT CONDITIONS. 
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A139M 
50 TO 320V DC eae 
50yH 
24V 
DRIVE 
750k 47k 
27k 180k 39k 
0.001 
= | DT230F 
2N5232 2N5306 =e : 
5uF i" ee 
25V Um eaeas of), 
ig 0.2uF 
1 
r : ‘ br ret 1 ce 
iyi 0.001: } | H11F3TO SNM H11AaV2 TO PZO SHUTDOWN 
‘TT pF} CONTROLCIRCUIT “\~ Ka) 
ay: ~ ~\-H11AV2 TO HI-V SHUTDOWN 
— HIiiF3) te 
— 2mQ (1” #24 AWG COPPER) 
POWER CURRENT AC LATCHING 10m SEC IGT POWER SWITCHES 
SUPPLY SENSE AND AMPLIFIER FAST RESET 
CHOPPER | COMPARATOR 


FIGURE 15A. THIS ALL-ENCOMPASSING PROTECTION SYSTEM PROVIDES THREE INDEPENDENT SHUTDOWN FUNCTONS - 
ONE EACH FOR THE UPPER AND LOWER IGTS AND THE HIGH-VOLTAGE SUPPLY. 


CHOPPER DRIVE 


TO PIEZO 
DRIVERS 


DT230F 
(3) 


HIGH-VOLTAGE SHUTDOWN 
24V 

: TO 
CONTROL 


5V 


16 15 


0.005 


uF 1 SG3524 § 


FIGURE 158. THIS CIRCUIT PROVIDES CHOPPER DRIVE FOR THE COPPER-WIRE FIGURE 15C. SHOWS THE HIGH-VOLT- 
SENSOR IN FIGURE 15A. AGE SHUTDOWN CIRCUIT. 
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Latch-Up: Hints, Kinks and Caveats 


The IGT is a rugged device, requiring no snubber network 
when operating within its published safe-operating-area 
(SOA) ratings. Within the SOA, the gate emitter voltage 
controls the collector current. In fact, the IGT can conduct 
three to four times the published maximum current if it’s in the 
ON state and the junction temperature is +150°C maximum. 


However, if the current exceeds the rated maximum, the IGT 
could lose gate control and latch up during turn-off attempts. 
The culprit is the parasitic SCR formed by the pnpn structure 
shown in Figure 16. In the equivalent circuit, Q, is a power 
MOSFET with a normal parasitic transistor (Q2) whose base- 
emitter junction is shunted by the low-value resistance R,. 
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FIGURE 16. THE IGT’S PARASITIC SCR IS RESPONSIBLE FOR 
THE DEVICE’S LATCH-UP CHARACTERISTICS. 


For large current overloads, the current flowing through R, 
can provoke SCR triggering. In the simplest terms, R, repre- 
sents the equivalent of a distributed resistor network, whose 
magnitude is a function of Qo’s Vog. During normal IGT 
operation, a positive gate voltage (greater than the thresh- 
old) applied between Q,’s gate and source turns the FET on. 
The FET then turns on Qg, (a pnp transistor with very low 
gain), causing a small portion of the total collector current to 
flow through the R,; network. 


To turn the IGT off, you must reduce the gate-to-emitter 
voltage to zero. This turns Q, off, thus initiating the turn-off 
sequence within the device. Total fall time includes current- 
fall-time one (te,) and current-fall-time two (t-2) components. 
The turn-off is a function of the gate-emitter resistance, Q,’s 
Storage time and the value of Vee prior to turn-off. Device 
characteristics fix both the delay time and the fall time. 


) 


Forward-Bias Latch-Up 


Within the IGT’s current and junction-temperature ratings, 
current does not flow through Q, under forward-biased 
conditions. When the current far exceeds its rated value, the 
current flow through R, increases and Q3’s Voge also 
increases because of MOSFET channel saturation. Once 
Qg’s IcR; drop exceeds Qz’s Vge(on), Qo turns on and more 
current flow bypasses the FET. 


The positive feedback thus established causes the device to 
latch in the forward-biased mode. The value of Ic at which 
the IGT latches on while in forward conduction is typically 
three to four times the device’s maximum rated collector 
current. When the collector current drops below the value 
that provokes Q, turn-on, normal operation resumes if chip 
temperature is still within ratings. 


If the gate-to-emitter resistance is too low, the Q,-Q, 
parasitic SCR can cause the IGT to latch up during turn-off. 
During this period, Rg¢ determines the drain-source dV/dt of 
power MOSFET Q,. A low R, causes a rapid rise in voltage - 
this increases Q,’s Vor, increasing both R,’s value and Q,’'s 
gain. 


Because of storage time, Q3’s collector current continues to 
flow at a level that’s higher than normal for the FET bias. 
During rapid turn-off, a portion of this current could flow in 
Q,’s base-emitter junction, causing Q, to conduct. This 
process results in device latch-up; current distribution will 
probably be less uniform than in the case of forward-bias 
latch-up. | 


Because the gains of Q. and Qg increase with temperature 
and Vo., latching current - high at +25°C - decreases as a 
function of increasing junction temperature for a given gate- 
to-emitter resistance. 


How do you test an IGT’s turn-off latching characteristic? 
Consider the circuit in Figure 17. Q,’s base-current pulse 
width is set approximately 2usec greater than the IGT’s gate- 
voltage pulse width. This way, the device under test (DUT) 
can be switched through Q, when reverse-bias latch-up 
occurs. This circuit allows you to test an IGT’s latching 
current nondestructively. 


The results? Clamped-inductive-load testing with and 
without snubbers reveals that snubbering increases current 
handling dramatically: With RGE =1kQ, a 0.02uF snubber 
capacitor increases current capability from 6A to 10A; with 
RGE = 5kQ, a 0.09uF snubber practically doubles capacity 
(25A vs 13A). 


Conclusions? You can double the IGT’s latching current by 
increasing RGE from 1kQ to 5kQ, and double it again with a 
polarized snubber using CS < 0.1pF. The IGT is therefore 
useful in situations where the device must conduct currents 
of five to six times normal levels for short periods. 


Finally, you can also use the latching behavior to your 
advantage under fault conditions. In other words, if the 
device latches up during turn-off under normal operation, 
you could arrange it so that a suitable snubber is switched 
electronically across the IGT. 
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| AI14A 499 

PULSE 3 
GENERATOR Sneek 
| 1000pF 

PULSE | Voc 
GENERATOR 

A114A 1k Vera: 
(400V MAX) 


Q, = D66EV7 
Q, = DUT D94FQ4 


FIGURE 17. USE THIS LATCHING-CURRENT TESTER TO TEST IGTS NONDESTRUCTIVELY. Q,’S BASE-DRIVE PULSE WIDTH IS 
GREATER THAN THAT OF THE IGT’S GATE DRIVE, SO THE IGT UNDER TEST IS SWITCHED THROUGH Q, WHEN RE- 
VERSE-BIAS LATCH-UP OCCURS. | 
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PARALLEL OPERATION OF INSULATED 
GATE TRANSISTORS 


Author: Sebald R. Korn, Consulting Applications Engineer 


In the November issue of Powertechnics, the general consid- 
erations of paralleling semiconductor switches were pre- 
sented. Some of the important factors include the 
characteristics of different types of load reactances and the 
action of the switching device during its turn-on delay, rise 
time and turn-off delay times. Different types of switching de- 
vices must be handled differently wnen operated in parallel. 
Power bipolar transistors, SCRs, MOSFETs and IGTs all 
have different characteristics which must be taken into con- 
sideration. The IGT transistor combines the high input 
impedance, voltage controlled turn on/turn off capabilities of 
power MOSFETs and the low on-state conduction losses of 
bipolar transistors. Like MOSFETs, the output characteris- 
tics of IGTs are generated by plotting collector-emitter cur- 
rent, collector-emitter voltage and gate voltage. Unlike the 
MOSFET, there is an offset voltage generated by the collec- 
tor-emitter junction of the npn transistor. However, once this 
offset is overcome, the effective on-resistance in the satura- 
tion region is much lower for the IGT than for the MOSFET. A 
steady state equivalent circuit is shown in Figure 1. Total 
device current equals MOSFET current (Imog) plus bipolar 
current (Ip;7) and since the MOSFET current is the base cur- 
rent of the pnp, these current components are related by the 
gain of the pnp. 


tor = Imos + IBut 
Iput = Beutimos 
Vee + ImosRmop =Vps 


FIGURE 1. N-CHANNEL IGT™ TRANSISTOR STEADY STATE 
EQUIVALENT CIRCUIT 


To understand the unusual behavior of its temperature coef- 
ficient, negative at low current, almost zero at normal cur- 
rent, and positive at high current, we analyzed the IGT by 
treating the two branch currents comprising the conduction 
path as two separated devices. The IGT’s on-state voltage 
drop is composed of the MOSFET voltage drop plus the 
bipolar Vee drop apparently parallel by a pnp-transistor. Note 
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that the only part of the bipolar in parallel to the MOSFET 
and modulation resistance is the base-collector junction, but 
the base-emitter junction is common to both branches. 


We also know from measurements, the MOSFET’s tempera- 
ture coefficient in the epi-resistance is positive. We know fur- 
ther that as the device temperature increases, the bipolar 
transistor’s gain increases, the Ver drop decreases, which 
both tend to reduce on-voltage drop. On the other hand, the 
MOSFET and epi-resistance voltage drop will increase with 
temperature, tending to increase on-voltage voltage. 


These effects cancel and the net result is that the IGT exhib- 
its much less variation of on-voltage voltage with tempera- 
ture than either bipolars or MOSFETs. The temperature 
coefficient goes from a bipolar like negative (at low currents) 
to zero (at rated current) and to a MOSFET-like positive coef- 
ficient as current density increases (Figure 2). 


VcE(sat) V8 Ic AND Ty FOR 10A DEVICE 
0 


CONDITIONS: GATE BIAS: 14V 
CURRENT LEVELS: PULSED, 300us 


FORWARD VOLTAGE DROP (V) 


AMBIENT TEMPERATURE (°C) 


FIGURE 2. Voge VS Ta OF IGT™, AT DIFFERENT COLLECTOR 
CURRENT 


Turn-On Switching Performance 


Like the MOSFET, the IGT gate presents a capacitive load to 
the drive circuit. The IGT capacitive elements and their typi- 
cal variation with voltage is analogous to the MOSFET, 
hence the IGT turn-on interval can be divided into three dis- 
tinct regions (refer to Figure 3). In region |, the input capaci- 
tance is charged until the gate voltage reaches the value 
needed to initiate collector current conduction. In region Il, 
turn-on is essentially completed as the collector voltage falls 
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rapidly to the 10% level. The effective capacitance increases 
dramatically in this region due to the Miller effect. In region 
lil, the collector voltage slowly settles to its saturation level. 
At the start of Section Ill, the effective input capacitance 
remains high because as the collector voltage is driven 
below the gate voltage, the polarity of the collector gate volt- 
age reverses and Cgc increases dramatically. When the col- 
lector reaches the saturation voltage level, the gate rises to 
the gate-emitter supply level (typically 15 volts). 


VA 


Ic(t) 
*seSSBsBBsVweBWsswwaswaesaay 
2 


° 
Me Lat lle titatttititittititaada 


RESISTIVE 


Veett) 


giles Pr ree 
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Ic(t) 


#. 
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INDUCTIVE WITH DIODE RECOVERY 


FIGURE 3. IGT™ TRANSISTOR TURN ON WAVEFORM 
Turn-Off Switching Performance 


The turn off interval is also composed of three regions as 
shown in Figure 4 for the case of an inductive load. Region | 
represents the discharge of the gate to the point where the 
gate voltage just sustains the collector current. 


Region Il corresponds to reversing the voltage on Cgc 
whose value is very high at this point. The gate voltage 
changes very little during this period and the collector-emit- 
ter voltage begins to rise slightly. Taken together, regions | 
and Il represent a turn-off delay. Referring back to the equiv- 
alent circuit of Figure 1 when the device is fully on, the MOS- 
FET voltage prevents the base-collector junction of the pnp 
from becoming forward biased. Thus the pnp contributes no 
significant storage time delay during turn off. In region Ill, the 
collector voltage rises rapidly at a rate controlled by the 
amount of current supplied by the gate drive to reverse 
charge Cec. 


The turn off current fall exhibits two distinct phases: an initial 
fast drop followed by a slow exponential fall. The initial fast 
drop is due to the fast cutoff of the MOSFET current. After 


the MOSFET channel cuts off, the pnp transistor undergoes 
an open base turn off. The gate drive circuit only controls the 
initial turn off delay and the slope of the MOSFET current fall _ 
by how fast it withdraws gate charge. The pnp exponential 
turn off tail is a characteristic of the device design. 


VA MOSFET TURN OFF 


Voe(t) 


(Leni eae ret 


Ic(t) 


FIGURE 4. IGT™ TRANSISTOR TURN OFF WAVEFORMS 
Device Design To Optimize Turn Off 


The bipolar current tail was the cause of the excessive 
switching times of the first-generation IGT. Turn off of the pnp 
transistor is a function of the stored base charge and the life- 
time of carriers in the base region. 


Shortening the pnp turn-off time involves decreasing the 
bipolar current component and/or reducing the carrier life- 
time. The carrier recombination rate can be reduced by 
localized techniques such as electron or proton irradiation. In 
addition to a faster decay rate, an irradiated device will have 
a power pnp gain. By decreasing the bipolar current compo- 
nent, the MOSFET current and the amount of initial drop in 
the turn-off waveform both increase, resulting in a substan- 
tially lower current level for the bipolar decay. 


Turn-Off SOA Optimization 


The dynamic equivalent circuit of the IGT includes a para- 
sitic pnp thyristor (Figure 5). When the sum of the current 
gains of the npn and pnp exceeds one, the four layer pnp 
structure latches on and gate control is lost. The npn is 
effectively shorted by the emitter metal but there is a finite 
well resistance, Pwe,,, below the surface. The npn gain is 
very low until sufficient current flows through Pwe,, to 
exceed its Vee threshold. Thus, VBE(ON) = (lwer) (Pwett) 
provides a latching criteria. 


The Rwe tt resistance increases with temperature due to fall- 
ing carrier mobility in the Pwe__ region. The lwe__ current is 
the pnp collector current and hence depends upon the pnp 
gain. lwe__, can be increased dramatically by displacement 
currents from high dv/dt. Increased temperature causes in- 
creased pnp gain and hence increased lwe.,. The Veen) 
threshold will decrease with increasing temperature. 


8-84 


Application Note 9319 


Clearly, high-temperature, fast turn-off of an inductive load 
represents a worse case test. Second generation IGT are 
SOA limited and not latching-current limited. They will fail 
due to operation outside the power related current at 150°C 
under the fast (Reg = 100Q), inductive turn off conditions. 
This performance has been achieved by minimizing Pwett 
through cell design and the addition of a deep p+ diffusion 
and by utilizing the buffer layer structure to lower pnp gain. 


Cc 


Ruop 


FIGURE 5. DYNAMIC EQUIVALENT CIRCUIT OF THE IGT™ 
TRANSISTOR 


Results Of Paralleling IGT 


From our experience with paralleling devices like bipolars 
and MOSFETs, there seemed to be no reason why IGTs 
should not perform reasonably well. 


To perform the measurement, we used the IGT-4E10 and the 
IGT-4E11 both rated at Ic = 10A at Tc = 100°C and a Vor = 
500V. We also used a 20A device the IGT-6E21. 


The parameters we considered important for parallel opera- 
tion, the saturation voltage VcEsat) which we measured at 
different current levels and a gate voltage Vg¢ = 14V. Gate 
threshold voltage (Ve@tH)) which we measured at 250A and 
1A (at that level, we can call it an input voltage versus output 
current) and transconductance (Ges). 


TABLE 1 
Vecesan| Vacrn) TpELAY TDELAY 
10A | 1A ON | Tt, | OFF | T; 
44 402 
48 381 


DEVICE 44/48 (2A/DIV 2ys/DIV) 


The circuit we used consisted of HP pulse generators 222 
and 214A driving a logic gate (7402N) and the memory 
driver D50026 connected to the gate through resistors R, 
and Rp to the gate of the IGT, a Tektronix scope 7854 and 
current probes 6021 and 6302. 


Device 44 and 48 were selected as an average combination 
and deltas of the different parameters can be seen in Table 
1. Parallel operation is good, delta | = 1A at 9.5A and 10.5A 
in each device. We see clearly the FET and bipolar turn off. 


The same devices were used to increase the current to 
about 40A, checking for latching problems, which did not 
occur. 


We then changed the gate resistor from 50Q to 4.7Q and 
increased case temperature to the rated 150°C. Still no 
problems became apparent. Note that the peak current was 
over four times the rated continuous current. 


The same pair was also used to switch on an inductive load 
(L = 182yH). Excellent parallel operation is achieved with 
this combination. Even 500ns resolution did not reveal any 
problems. 


The first interesting combination 14 specified Tex = Ips 
and 15 specified tey,ax = 605s. The trade-off in switching 
speed versus VcE;gat) Can be seen in Table 2. 


TABLE 2A 

Vcesan| Vacrx) TDELAY TDELAY 
10A 1A ON | Tr OFF Te | 
5.55 4.7 }|10.2 58 2441 277 835 | 
4.95 | 4.3 | 9.8 46 252 | 269 871 | 


xf om [ewe fol | [ex [aoe 


DEVICE 14/15 60% DIFFERENCE ~ Vcesar) AND LARGE 
DIFFERENCE IN SWITCHING TIME 


Excellent parallel operation is achieved with this combina- 
tion, even the 500ns resolution does not reveal any prob- 
lems. 


Device 20 having the lower Vcesat) and lower Vectp) is tak- 
ing the higher share of current. Both parameters Vce;sar) 
and VectH) are important in the overall performance. Turn off 
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showing is excellent, but the 500ns time scale shows the 
result of the difference in the tpg, ay Off, of 23ns and the dif- 
ference in device 15 and 16, are the devices having low 
Vcesat) and long turn off times. If paralleled with the proper 
device (same type), excellent parallel operation is achieved. 


TABLE 2B 
Veeisan | Toecay | TDELAY 
10A Ges ON OFF 
14 5.75 | 4.3 | 6.0 264} 246 | 750 | 
15 §.35 | 5.7 114. 8] 228{| 436 | 4317 


ANT ¢ ET 
WAS 


ax —— 


CURRENT SHARING OF DEVICE 19/20 (2A/DIV, 5y:s/DIV) 


Note that 15 paralleled before with the much faster 14 show- 
ing extremely poor current sharing. 


The 38 and 48 were paralleled to show an inductive load and 
the recovery current of diode. This is a realistic waveform 
found in many applications. 


Here we paralleled two 20A IGT transistors. Also excellent 
current showing which is confirmed at the 500ps/div time 
scale in. 


We paralleled the device 50 and 14 which have a relatively 
large delta 78% in fall time. 


They can be operated in parallel and share much better than 
we might expect. The large deltas in fall time are the result of 
the relatively large delta at the current tail in comparison to 
the rest of the fall time. 


FS 


TABLE 3 


5.75 | 4. 3 | 9. 2 | 53 264] 246 | 750 
4.95 | 4. 3 | 10.4, 46 | 252 | 269 | 871 


CURRENT SHARING OF DEVICE 14/20 (2A/DIV, 5ys/DIV) 


Conclusion 


All the conventional wisdom applied in the past to parallel 
bipolar type devices and MOSFET type devices can be 
applied to parallel operation of IGT Transistors. 


1. VeeEsar) voltage should be compared at rated current 
and should not exceed approximately 20% difference. 


2. Gate threshold voltage which we measured and com- 
pared is important, but could be replaced by Veare VS Ic 
at rated current. Maximum differences should not 
exceed 10-20%. 


3. Transconductance grs differences are not as critical as 
assumed and may be ignored. 


4. tpyon) and rise time are important for current sharing 
when switching resistive or inductive loads with reverse 
recovery currents at turn on, but tolerances are small, 
seldom posing a problem. Check FBSOA. Note that the 
fastest device takes most of the current. Emitter induc- 
tors can be inserted. 


5. tporr) and fall time show also small tolerances, but 
don't seem to pose a problem. Different device types 
and different manufacturers should never be paralleled. 
Note that the slowest device takes most of the current. 
Removal rate of gate voltage may become a factor. 
Emitter inductors less than 100uH show excellent 
results [3]. 


6. Circuit layout should be mechanically and electrically 
symmetrical. All lead length and differences in lead 
length become a factor (12-15nH/inch). Separate the 
gate circuit from the collector circuit (to avoid magnetic 
coupling). 
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7. Always use separate gate resistor to avoid oscillation. 
We did not see a problem of rated current but we have 
not made sufficient measurements to insure no prob- 
lems. 


8. Close thermal coupling is recommended (common 
heat-sink) resulting in only small differences in junction 


temperature. 
4 
TO CLAMP é 
Ly 
4 +5V 4 +15V J 


7402N 


Vt 


DS0026 


PULSE | 
GENERATOR } 
IPROBE 


IPROBE at 


FIGURE 6. TEST CIRCUIT TO EVALUATE PARALLEL 
OPERATION OF IGT™ TRANSISTOR 


The iGT’s key parameters show relatively close distribution 
making it difficult to establish exact limits for parallel opera- 
tion but following the above recommendations will give very 
good results. Additional measurements were made and in no 
instances did | exceed 2.5A. 


IGT Transistors can be paralleled with a relatively small 
amount of difficulty. Some current derating may be advis- 
able, which tends to improve current sharing. (We can see 
on the inductive switching waveform up to 6A sharing is 
almost perfect.) 


In the future, switching modules rated at 100A and 200A or 
higher having blocking voltages of 500V or 1200V are realis- 
tic possibilities. 


——mw— 


CORRECT INCORRECT 


FIGURE 7. PROBLEM GATE CONNECTION 
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TABLE 4. RESULTS OF PARALLELING IGT™ TRANSISTORS 


Voesan AT Vee = 14V GATE THRESHOLD RESISTIVE INDUCTIVE 


TpeLay 
ToerayON}| Tr OFF Te 
51 


DEVICE . 
NUMBER 5A 250A 


TO-3 LOT 14353 


= [os [es [em [oe [oe 
a 


3.70 
3.75 
3.75 
ee ee ee 
VcE(SAT) AT Voce = 14V GATE THRESHOLD 
DEVICE 
NUMBER 250A 


TO-3 LOT 14933.1 — IGT 6E11 


RESISTIVE INDUCTIVE 
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PARALLEL OPERATION OF 
SEMICONDUCTOR SWITCHES 


Sebald R. Korn, Consulting Applications Engineer 


In uninterruptable power supplies demands for current han- 
dling capability to meet load current requirements plus mar- 
gins for overload and reliability purposes often exceed the 
capability of the largest semiconductor device type consid- 
ered and paralleling may become an attractive alternative. 
All switching power semiconductors starting with SCR’s [1], 
bipolar transistors [2-4] darlingtons [5] and field effect tran- 
sistors [6-10], have been successfully paralleled, but proper 
precaution had to be taken. We will review some of these 
methods, describe the characteristics of the insulated gate 
transistors, and show the proper methods to operate this rel- 
atively new family of devices in parallel. 


All semiconductor circuits using parallel connected devices 
to switch a higher load current can easily be analyzed by 
using Kirchoff’s law. As long as all voltage drops in the paral- 
lel branches are equal, the currents through the branches 
are equal. 


This sounds sensible and logical, but as soon as we con- 
sider the different stages every switching device has to 
assume and we consider the parameters of each switching 
device which guarantees equal voltage drops in the 
branches over the required temperature range and over the 
duration of the switching cycle, complications begin to 
appear. 


z 

o 
rat 
~<— DYNAMIC STATIC |~<——— DYNAMIC Or 
la STATIC 3 S 

att mann’ a 

STATIC AREA STATIC AREA 
(TURN ON) ON TIME (TURN ON) | ON TIME - 


CONTROL SIGNAL 


At first glance, each switching device has only two functional 
states, an “off- state” and an “on-state”. But by closer exami- 
nation, we have to consider how we get from “off” to “on” and 
back to “off”, the “dynamic” area of the switching waveform 
(Figure 1). The dynamic area is only a fraction of the total 
waveform, but it is by far the most important when it comes 
to parallel operation. 


In power electronics, there are three different load types; 
resistive, capacitive, and inductive. The resulting waveforms 
are sufficiently different to require either different switching 
devices or the circuit designer may have to change the 
switching circuit to meet the different requirements, espe- 
cially when devices are operated in parallel. 


Off-State 


The off-state is probably the least demanding state in paral- 
lel operation of semiconductor devices. As long as leakage 
current is low, even differences of more than 100% would not 
create any difficulties. 


On-State 


The on-state is again a relatively uncritical and uneventful 
period (Figure 2). Most devices in switching applications are 
overdriven and differences in gain or transconductance do 
not translate into proportional output current. 


—_s 


CONTROL 


2 ; SIGNAL 
CURRENT SWITCHING 
WAVEFORM 
OUTPUT 
TURN ON eee “OFF” CURRENT 
= ow | pei 

2 ___|f TURN ON econ OFF 

(RISE TIME) | (FALL TIME) 


FIGURE 1. SWITCHING WAVEFORM DEFINITIONS. 
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Even if a bipolar device takes a larger share of the total current, 
the rapid fall-off in gain and the increase in Vsar as it takes the 
higher share will prevent disaster. Thermal runaway in bipolar 
applications is not as frequent as we may believe [2-4]. 


For bipolar devices, the parameter having a clear negative 
temperature coefficient is Vge. VcE(sar), on the other hand, 
can have positive or negative temperature coefficient depend- 
ing on the device type (npn or pnp) and operating point. 


The ease of paralleling of power FETs has been pointed out 
by many authors [6-9], and has been demonstrated in many 
applications, although each application requires analysis of 
both dynamic and static sharing. 


e DC CURRENT GAIN 
e SATURATION VOLTAGE > BIPOLAR 
e BASE EMITTER 

VOLTAGE 
e EMITTER RESISTORS FET 
e TRANSCONDUCTANCE 


Rps(on) 


FIGURE 2. ON TIME OF SWITCHING WAVEFORM AND 
CONTROLLING PARAMETERS. 


Turn-On Delay Time 


Turn-on delay time is the time from where the control signal 
is applied, reaches 10% amplitude, to the point where the 
switched current rises to the 10% amplitude (Figure 3). 


lout 


CONTROLLED BY: 2 
° TEMPERATURE |~<—— toon) 
° RISE TIME OF 

CONTROL 
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FIGURE 3. DEFINITION OF TURN-ON, DELAY TIME, Tpyon) 
AND CONTROLLING PARAMETERS. 


Fortunately, differences is turn-on delay are relatively small. 
Although this delay is significant in large-area SCR’s, but it is 
much less a problem with bipolars or power FET'’s. It is less 
important when switching inductive loads, but should be 
monitored when devices to be paralleled switch resistive 
load, discharge capacitor or have to carry the recovery cur- 
rent of a diode. 


Needless to say, it is desirable to have small turn-on delays 
for parallel operation. To reduce deltas in tp/on), it is advis- 
able to drive devices with fast rising control signals and use 
devices from the same mask design. The same device type 
number does not guarantee that they are made from the 
same mask design. Therefore, devices from different manu- 
facturers should not be intermixed. 


Rise Time 


Rise time is an interesting part of the switching waveform 
(Figure 4). The device operates in an analog domain, 
although for a very short time, but nevertheless, analog. 


GAIN 
TRANSCONDUCTANCE 
TEMPERATURE 
RISE TIME OF 
DRIVING SIGNAL 
INDUCTOR 


FIGURE 4. RISE TIME OF Loy; WAVEFORMS AND PARAMETERS 
INFLUENCING IT. 


Again, transconductance and junction temperature become 
important considerations, but junction temperature differ- 
ences as a result of rise time differences are relatively small. 
Inductors inserted into the emitter lead on bipolars, source 
lead on FET’s or cathode lead on diodes, can be extremely 
effective [3]. All differences in turn-on delay and rise time 
become visible at thin part of the waveform. Differences 
which may exist, although small, require the evaluation of the 
forward biased safe operating area (FBSOA). 


In most cases, transistors have almost rectangular FBSOA 
for the short durations they remain in the analog domain of 
the turn-on period. Problems seldom exist, but precautions 
should not be ignored either. 


Note that the device with the shortest turn-on delay and the 
shortest rise-time will take most of the current. Most transis- 
tors have a negative temperature coefficient of input voltage 
and Miller effect feedback which can cause current begging 
if power dissipation is high during turn on. 


Turn-Off Delay Time (Storage Time) 


Turn-off delay time is the prelude to the most important part 
of the switching waveform, especially on bipolar devices 
(Figure 5). On bipolar devices, it is important to remove the 
stored charge as fast as possible, which may require more 
expensive drive circuitry. Especially on large power darling- 
tons, negative bias or baker clamps result in significant 
reduction of storage time and improve parallel operations. 
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The transition time of the base current signal from positive to 
negative (npn device) is important in the removal rate of the 
stored charge. . 


2 
90% 
BIPOLAR CONTROLLED 


BY: 
e STORED CHARGE 
e STATE OF 


SATURATION 
° NEGATIVE BIAS ‘D(OFF) 
TEMPERATURE 


POWER FET 
HOW FAST CAN 


CONTROL SIGNAL C’s BE DISCHARGED 


NEGATIVE 
BIAS 


* arrerene 
TRANSITION 
TIME 


FIGURE 5. TURN-OFF WAVEFORM AND PARAMETERS 
INFLUENCING IT. 


Fall Time 


Parameters which reduce storage time will also reduce fall 
time (Figure 6). For paralleled devices, differences in turn-off 
delay or storage time will have a noticeable effect on fall 
time. 


When inductive loads are turned off, the reverse biased safe 
operating area (RBSOA) must be considered on bipolar 
devices. Hot spot formation [11] which results in sudden 
reduction of the Vee and further increase in Ig could result in 
permanent damage. 


BIPOLAR: 

STORED CHARGE REMOVAL 
— "| trait |“ RATE OF CONTROL SIGNAL 
NEGATIVE BIAS (TRANSITION 
TIME) SATURATION VOLTAGE 
TEMPERATURE. 


FET: 

Rpsion) CAPACITANCE 
OF FET DISCHARGE 
IMPEDANCE (TIME 
CONSTANT) 


FIGURE 6. FALL TIME AND INFLUENCING PARAMETERS. 
The Insulated Gate Transistor 


The insulated gate transistor (IGT™) combines the high 
input impedance, voltage controlled turn on/turn off capabili- 
ties of power MOSFETs and the low on-state conduction 
losses of bipolar transistors, making it an ideal device for 
many power electronics switching control applications. 


IGT Structure and Operation 


The basic device structure is illustrated by the unit cell cross 
section of Figure 7. Like the MOSFET, the IGT consists of 
many individual cells connected in parallel. Processing of the 
IGT is similar to the vertical D-MOS technology used in 
MOSFETs. In the steady state, the n-channel IGT may be 
modeled as a bipolar pnp driven by an n-channel MOSFET. 
The MOSFET supplies base current to the pnp thus the 
MOSFETs gate voltage controls the total current. 


(_ ) EMITTER 
MMMM — (ool 


n+ 


WELL 
CHANNEL P+ 


Jt 
Ruop 


t EPITAXIAL LAYER 


STEADY 
STATE 
EQUIV. 

CIRCUIT 


FIGURE 7. UNIT CELL CROSS SECTION AND STEADY STATE 
EQUIVALENT CIRCUIT OF IGT TRANSISTOR. 


in normal operation, the emitter is grounded, the collector 
biased positive and with no gate-emitter voltage applied; J1 
is reverse biased. The device is in the forward blocking 
mode. When a positive voltage is applied to the gate with 
respect to the emitter, an inversion channel is formed under 
the gate and MOSFET current flows from the n+ source 
region into the n-epi-layer to become the base current for the 
pnp. Junction J2 becomes forward biased and the device 
enters the conduction state. Holes are injected from the bot- 
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tom percent region into the n-epi-layer. The injected minority 
carrier density is 100 to 1000 times higher that the doping 
level of the n-type epi-region. This conductivity modulation 
allows the IGT to operate at a forward conduction current 
density 20 times that of an equivalent MOSFET. It is prima- 
rily in the thick epi, high-voltage devices where conductivity 
modulation has its major impact to reduce on-resistance. 


The typical output characteristics and the symbol of the IGT 
are shown in Figure 8. Like on MOSFETs, the output charac- 
teristics curves are generated by plotting collector emitter 
currents, collector emitter voltage. Unlike the MOSFET, there 
is an offset voltage generated by the collector emitter junc- 
tion of the npn-transistor. However, once this offset is over- 
come, the effective on-resistance in the saturation region is 
much lower for the IGT than for the MOSEET. 


Vge = 16V 
60 
T= 425°C © Wi, Vag = 14V 
MAX PULSE WIDTH = 3008 / / | 
_. 5°95] MAX DUTY CYCLE 2% , Vor = 12V 
< 20A, 500V DEVICE sea 
Zz 40 
e COLLECTOR Voge = 10V 
a) 
z 30 
/ ae ee 
3 Y, — Vag = 8V 


a ees SS A thd 
2.0 3.0 4.0 


*-HeAREEE 
0 1.0 


FIGURE 8. OUTPUT CHARACTERISTICS AND CIRCUIT 
_ SYMBOL FOR N-CHANNEL IGT TRANSISTOR. 
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Quality and Reliability Assurance 


The ability to bulld and maintain the high levels of qual- 
ity and reliability today, depends on inherent design and 
process capability, and not the degree of test and inspection. 
Both the design and production facilities for Power MOS- 
FETs are totally new, with state-of-the-art equipment and 
process techniques which deliver this needed capability. 


In-Process Quality Control 


All critical phases of the highly automated power MOSFET 
manufacturing cycle have been characterized with respect to 
their intrinsic variability. Statistical limits have been estab- 
lished to give warning of abnormal process trends and fluc- 
tuations, based on this intrinsic capability. These limits are 
constantly tightened as the process improves and are well 
within the engineering specifications. The emphasis at 
Harris is to employ statistical methods at the point of control, 
rather than an inspection point at the end of a process. 


Control of Outgoing Product 


The quality control lot acceptance sampling of finished prod- 
uct is performed after manufacturing has performed 100% 
inspection of all specified electrical characteristics. The cur- 
rent sampling level is 0.1% AQL for electrical parameters, 
and is constantly being improved. However, due to tight 
parameter distributions gained through process control and 
inherent design capability, the average outgoing quality level 
(AOQ) to the customer has been in the order of 100 PPM 
(0.01%). 


Reliability Assurance 


Harris Semiconductor has a world-wide reliability program 
that helps to shape the direction of new product develop- 
ment, assures that the reliability level is maintained through- 
out the production cycle, and develops specific models to 
predict the reliability in the end-use application. In order to 
meet these objectives, a reliability facility is maintained at 
each manufacturing location for real-time feedback. A cen- 
tralized reliability engineering organization develops all new 


test methods and supports new product/process develop- | 


ment. Each group is fully trained in the reliability and applied 
statistics disciplines, as well as failure analysis, and are 
responsible for using these techniques to monitor and 
improve product capability. 


The Reliability Program 


The reliability-assurance program operates at all stages of 
production, using the following four-pronged approach: 


Product Design and Development 


During early development, initial product lots are character- 
ized through accelerated reliability tests which establish the 
product capability. Once the design had been fine-tuned, 


multiple production runs are initiated and samples are sub- 
jected to a full range of standardized accelerated tests. All 
lots must meet pre-established reliability standards before 
any new design or process can be released for production. 


Wafer HTRB 


Harris Semiconductor has developed a totally unique in-line 
reliability test performed at the wafer level. Samples from 
each wafer lot receive a 24-hour +150°C bias life test to 
measure passivation integrity and surface cleanliness. 


Real Time Indicators (RTI) 


RTI's are short-duration accelerated-stress tests used to 
control the occurrence of specific failure mechanisms that 
can significantly affect product reliability. The stress levels 
are designed to induce failures, so that product-capability 
shifts can be detected and corrected. They are performed 
weekly at each manufacturing location. In this real-time 
method of determining reliability, a continuous flow of data is 
provided to indicate how well the manufacturing process is 
performing product. 


TABLE 1. TYPICAL MOSFET RTI TESTS 
TYPICAL 
TEST DURATION 
Power PD = 4.75W Plastic 10 - 15K 
Cycling Ty = +35°C - 175°C Cycles 
(approx.) 


Power 


PD = 4.75W TO-3 20 - 50K 
Cycling Ty = +35°C - 175°C Cycles 
(approx.) 
D-S Bias Ta = +150°C 
Life 80% of Drain 


Source 
G-S Bias G-S=16V 168 Hours 
Life Ta = +150°C 


Requalification Program (RQP) 


iM — 


Each product is requalified every six to twelve months to the 
same matrix of tests required for the initial production 
release. This operation measures the changes in the total 
capability of each MOSFET family to meet the original reli- 
ability design objectives. Table 2 is typical of the data gener- 
ated for ROP. 
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TABLE 2. ACCELERATED POWER MOSFET TEST RELIABILITY SUMMARY 


CUM. HOURS % NON- 
PACKAGE TEST AND CONDITIONS DURATION OR CYCLES FUNCTIONAL 


Bias Life 300,000 . 
Drain-Source = 80% of rated 
4 Ta= = +1 re 
Bias Life 500 Hours: 270, 000 
eindisibehio 16V, Ta= nlee 


Operating Life 230,000 
os = +150°C, Free Air 


TO-31 Thermal Cycling 400 Cycles 133, 600 
| TO-39 -65°C to +1 esd 
| TO-220 Thermal Shock 400 Cycles 400, 000° 
-65°C to +150°C 
| | “Power Cycling 20,000 Cycles 5,480K 
Deita T, = +78°C 
| PD=56W u ae or 2W (T ee) 
| T0-220 Power Cycling 10,000 Cycies 1 850K 
Delta T, = Mowe, PD = 4.75W 


| — | FAILURE RATE IN %/1000 HOURS A 60% UCL OC | 
a Se a 
ak eee 


NOTE: Failure rate based on Nonfunctional performance in an operating mode, extrapolated from +150°C data using 
1.0eV activation energy. 
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PACKAGING AND ORDERING INFORMATION 


PAGE 
HERMETIC GLASS PACKAGES 3h co phe hoe wee ee Eo Oe ee OR e Peete sarees eueae 10-3 
HEARMETC STEEL PACKAGES \ 3.3016. cc2cneueveeeutiduas sek hath eboeea wed Recreate ees 10-4 
PLASTIC PACKAGES sori warnbemotonetodsthineetaw hones dione ase eau aeeaawereews 10-5 


‘ORDERING INFORMATION 
To order any part in this databook use full part number on the datasheet. 
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Package Outlines 


Hermetic Glass Packages 


QD AL-3 
Qb AXIAL LEAD DIODE PACKAGE 


Canoe Bere 


NOTES: 
1. No current JEDEC outline for this package. 


1. No current JEDEC outline for this package. 

. Case is one piece glass, hermetically sealed. 

. Leads are solderable per MIL-STD-202, Method 208. 

. Color band (polarity symbol) indicates cathode connection. 
. Weight 0.037 ounces, 1.04 grams. 

. Controlling dimension: Inch. 

. Revision 1 dated 3-93. 


2. Case is one piece glass, hermetically sealed. 

3. Leads are solderable per MIL-STD-202, Method 208. 

4. Color band (polarity symbol) indicates cathode connection. 

5. Weight 0.04 ounces, 1.1 grams. 

6. Controlling dimension: Inch. 

7. Revision 1 dated 3-93. 

gD AL-4 
- AXIAL LEAD DIODE PACKAGE 
INCHES MILLIMETERS 
Ly MIN’ | Max [MIN [Max _[NoTEs 
: | 0.94 =| 1.07 | .07 
xs 
ae | | 25.40 
25.40 


N Om & ®D ND 


D | DO-204 
=a Ob JEDEC STYLE DO-204 AXIAL LEAD DIODE PACKAGE 


NOTES: 
1. Case is one piece glass, hermetically sealed. 
. Leads are solderable per MIL-STD-202, Method 208. 
. Color band (polarity symbol) indicates cathode connection. 
. Weight 0.02 ounces, 0.56 grams. 
. Controlling dimension: Inch. 
. Revision 1 dated 3-93. 
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Package Outlines 


Hermetic Steel Packages 


SEATING TO-204AA 
PLANE JEDEC TO-204AA HERMETIC STEEL PACKAGE 
in Ob 


Ai 
A 
L 


NOTES: 


1. These dimensions are within allowable dimensions of Rev. C of 
JEDEC TO-204AA outline dated 11-82. 


2. Lead dimension (without solder). 

3. Add typically 0.002 inches (0.05mm) for solder coating. 

4. Position of lead to be measured 0.250 inches (6.35mm) from bot- 
tom of seating plane. 

5. Controlling dimension: Inch. 

6. Revision 2 dated 6-93. 
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Package Outlines 


Plastic Packages 


7 


al 
ia 


——>| 


os oe 


NOTES: 
1. No current JEDEC outline for this package. 
2. Leads are solderable per MIL-STD-750, Method 2026. 
3. Polarity and input symbols marked on body. 


NOTES: 


1. 


nn kh W PD 


These dimensions are within allowable dimensions of Rev. A of 7. 


JEDEC MO-093AA outline dated 2-90. 


. Tab outline optional within boundaries of dimensions E and Q. 
. Lead dimension and finish uncontrolled in L,. 

. Lead dimension (without solder). 

. Add typically 0.002 inches (0.05mm) for solder coating. 

. Maximum radius of 0.050 inches (1.27mm) on all body edges and 


corners. 


BR-4 
4 PIN BRIDGE RECTIFIER PLASTIC PACKAGE 


SYMBOL 
A 


MILLIMETERS 


HIN | MAX | 
0.245 6.47 


Cc 


ae ee 


4. Weight 0.04 ounces, 1.1 grams. 
5. Controlling dimension: Inch. 
6. Revision 1 dated 3-93. 


MO-093AA 
5 LEAD JEDEC MO-093AA PLASTIC PACKAGE 
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MILLIMETERS 


70 


INCHES 


ort © 
Ny] Oo 


0.018 | 0.022 | 046 | 055 | 3,4,5_ 
| EC 
15.87 | 


| 1.78 | 
| 0.022 | 
0.800 20.82 


Toso | - [8 


PACKAGING AND 
ORDERING INFO 


Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 


. Position of lead to be measured 0.100 inches (2.54mm) from bottom 


of dimension D. 


. Controlling dimension: Inch. 
10. 


Revision 1 dated 1-93. 


Package Outlines 


Plastic Packages (Continued) 


Oo on 


. No current JEDEC outline for this package. 


. Tab outline optional within boundaries of dimensions E and Q. Ez 27.63 | 
. Maximum radius of 0.050 inches (1.27mm) on all body edges and : EE 
corners. | 199 | 208 | 


TO-218 
C | SINGLE LEAD JEDEC STYLE TO-218 PLASTIC PACKAGE 
Ai 


TERM. 2 


eet 
pte | 
ee 
ie 
ee 
a ae 


. Position of lead to be measured 0.100 inches (2.54mm) from bottom 


of dimension D. 


. Controlling dimension: Inch. 
. Revision 1 dated 1-93. 
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Package Outlines 


Plastic Packages (Continued) 


NOTES: 


—_ 


10. 


TO-218AC 
A ee 3 LEAD JEDEC TO-218AC PLASTIC PACKAGE 
oe [INCHES [MILLIMETERS 
ue, sympou] MIN” [ MAX | MIN [ MAX 
Cs SS EO 
0070 | 0080 | 176 | 203 _| 
7 [0 [0.800 | oazo [202 [aoe [| 
! Pe | cers | oes [ises [ise [2 
ca aa 


poe 

al 

mace 
[omer | _ssare | 7 

a, _[_oasense | iraeso__[ 7 

ee ee 

ree xe 

er 

ee 


. These dimensions are within allowable dimensions of Rev. E of 
JEDEC TO-218AC outline dated 6-86. 

. Tab outline optional within boundaries of dimensions E and Q. 

. Lead dimension and finish uncontrolled in L,. 

. Lead dimension (without solder). 

. Add typically 0.002 inches (0.05mm) for solder coating. 


. Maximum radius of 0.050 inches (1.27mm) on all body edges and 
corners. 


. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 


. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 


. Controlling dimension: Inch. 
Revision 1 dated 1-93. 
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Package Outlines 


Plastic Packages (Continued) 


=| J; 


NOTES: / 
1. These dimensions are within ‘Siowable dimensions of Rev. J of 
JEDEC TO-220AC outline dated 3-24-87. 
2. Lead dimension and finish uncontrolled in L,. 
3. Lead dimension (without solder). 
4. Add typically 0.002 inches (0.05mm) for solder coating. 
5 


. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 


6. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 


7. Controlling dimension: Inch. 
8. Revision 2 dated 12-93. 


TO-220AC 
2 LEAD JEDEC TO-220AC PLASTIC PACKAGE 
(FOR RECTIFIERS ONLY) 
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aK 
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NOTES 
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—_ 
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0.014 0.4 
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Plastic Packages (Continued) 
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TO-220AB 
3 LEAD JEDEC TO-220AB PLASTIC PACKAGE 


. These dimensions are within allowable dimensions of Rev. J of 


JEDEC TO-220AB outline dated 3-24-87. 


. Lead dimension and finish uncontrolled in L,. 

. Lead dimension (without solder). 

. Add typically 0.002 inches (0.05mm) for solder coating. 

. Position of lead to be measured 0.250 inches (6.35mm) from bot- 


tom of dimension D. 


. Position of lead to be measured 0.100 inches (2.54mm) from bot- 


tom of dimension D. 


. Controlling dimension: Inch. 
. Revision 1 dated 1-93. 
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Package Outlines 


Plastic Packages (Continued) 


OP 


1 


BACK VIEW 


NOTES: 

1. Lead dimension and finish uncontrolled in L. 

2. Lead dimension (without solder). 

3. Add typically 0.002 inches (0.05mm) for solder coating. 

4. Position of lead to be measured 0.250 inches (6.35mm) from bot- 
tom of dimension D. 

5. Position of lead to be measured 0.100 inches (2.54mm) from bot- 
tom of dimension D. 


% 
ont D A 
uM | 
| 
L; 
L 
i 1 2 3 2 1 
BACK VIEW 
C4 
NOTES: 


1. Lead dimension and finish uncontrolled in Ly. 
. Lead dimension (without solder). 
. Add typically 0.002 inches (0.05mm) for solder coating. 


. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 


5. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 


& GW fo 


TO-247 
2 LEAD JEDEC STYLE TO-247 PLASTIC PACKAGE 
(FOR RECTIFIERS ONLY) 


ee 


6. Controlling dimension: Inch. 
7. Revision 2 dated 12-93. 


TO-247 
3 LEAD JEDEC STYLE TO-247 PLASTIC PACKAGE 


INCHES MILLIMETERS 


oe 
[0085 
0.625 15.87 


0.219 TYP 5.56 TYP 
0.438 BSC 11.12 BSC 


oa 


NOTES | 


SYMBOL 


0.070 
0.105 
0.026 


1.53 
2.42 


1.77 
2.66 


20.32 
15.37 


+) > 
XI] & 


6. Controlling dimension: Inch. 
7. Revision 1 dated 1-93. 
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Package Outlines 


Plastic Packages (Continued) 


TO-247 
5 LEAD JEDEC STYLE TO-247 PLASTIC PACKAGE 


MILLIMETERS | 


Can 
a8] 


— 
—_ 
“J 


Ly by 
) 20.82 
: bo 
L P 15.87 
| : 0.110 TYP 2.79 TYP 
5g 5”4°3° 2°14 0.438 BSC 11.12 BSC 
e BACK VIEW 2.29 {| 2.66 | 


ey 15.75 


oi 


w 
nk 


NOTES: 
1. Lead dimension and finish uncontrolled in L,. 
2. Lead dimension (without solder). 
3. Add typically 0.002 inches (0.05mm) for solder coating. 
4. Position of lead to be measured 0.250 inches (6.35mm) from bottom 


of dimension D. 6. Controlling dimension: Inch. 
5. Position of lead to be measured 0.100 inches (2.54mm) from bottom 7. Revision 1 dated 1-93. 
of dimension D. 
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Package Outlines 


Plastic Packages (Continued) 


= 


D 


E A TO-251 
i 2 LEAD JEDEC STYLE TO-251 PLASTIC PACKAGE 
[<— bo >| ‘4 Ay (FOR RECTIFIERS ONLY) 
: nae TERM. 1 


SEATING 
PLANE 


0 
02 


0082 
[01022 
[0290 


by 


L 
0.022 | 
b ¢ | : 
0.290 6.86 
2 | | 0.265 | 
>| key, 
Pa 
NOTES: | 9.52 
1. No current JEDEC outline for this package. ; 
2. Solder finish uncontrolled. 
3. Dimension (without solder). 6. Position of lead to be measured 0.100 inches (2.54mm) from 
4. Add typically 0.0006 inches (0.015mm) for solder coating. bottom of dimension D. 
5. Position of lead to be measured 0.250 inches (6.35mm) from 7. Controlling dimension: Inch. 
bottom of dimension D. 8. Revision 1 dated 6-93. 
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Package Outlines 


Plastic Packages (Continued) 


SEATING 
PLANE 


sE=] YE. 
tr | 


NOTES: 


1. 


a ff Gd NM 


These dimensions are within allowable dimensions of Rev. C of 
JEDEC TO-251AA outline dated 9-88. 


. Solder finish uncontrolled. 

. Dimension (without solder). 

. Add typically 0.0006 inches (0.015mm) for solder coating. 

. Position of lead to be measured 0.250 inches (6.35mm) from bot- 


tom of dimension D. 


. Position of lead to be measured 0.100 inches (2.54mm) from bot- 


tom of dimension D. 


. Controlling dimension: Inch. 
. Revision 1 dated 1-93. 


TO-251AA 


3 LEAD JEDEC TO-251AA PLASTIC PACKAGE 


INCHES 
SYMBOL [ wax_[ mn 
A 


0.086 
0.028 


0.205 | 0.215 | 
0.018 }| 0.022 | 


72 


| 2.19 
| 0.48 
| 521 | 
| 0.46 | 


0.270 0.290 7.36 
0.250 0.265 6.35 6.73 


0.033 


0.090 TYP 
0.180 BSC 
0.035 
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Package Outlines 


Plastic Packages (Continued) 
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BACK VIEW 
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MINIMUM PAD SIZE RECOMMENDED FOR 
SURFACE-MOUNTED APPLICATIONS 


TO-252 
2 LEAD JEDEC STYLE TO-252 PLASTIC PACKAGE 
(FOR RECTIFIERS ONLY) 


INCHES 


MILLIMETERS 


0.094 2.19 2.38 
0.022 0.46 0.55 
0.032 0.72 0.81 
0.040 1.01 
0.290 7.36 

0.265 6.73 

0.035 1.14 
0.040 1.14 
0.100 2.92 
0.075 2.28 
NOTES: 


1. No current JEDEC outline for this package. 


2. L, and bg dimensions establish a minimum mounting surface for 
terminal 1. 


. Solder finish uncontrolled. 

. Dimension (without solder). 

. Add typically 0.0006 inches (0.015mm) for solder coating. 
. Lg is the terminal length for soldering. 


. Position of lead to be measured 0.090 inches (2.28mm) from bottom 
of dimension D. 


8. Controlling dimension: Inch. 
9. Revision 1 dated 6-93. 
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Package Outlines 


Plastic Packages (Continued) 
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These dimensions are within allowable dimensions of Rev. B of 
JEDEC TO-252AA outline dated 9-88. 


. L, and b, dimensions establish a minimum mounting surface for 


terminal 1. 


. Solder finish uncontrolled. 

. Dimension (without solder). 

. Add typically 0.0006 inches (0.015mm) for solder coating. 

. L, is the terminal length for soldering. 

. Position of lead to be measured 0.090 inches (2.28mm) from bottom 


of dimension D. 


. Controlling dimension: Inch. 
. Revision 2 dated 6-93. 
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Package Outlines 


Plastic Packages (Continued) 


TS-001TAA 
5 LEAD JEDEC TS-001AA PLASTIC PACKAGE 


NOTES: 


1. These dimensions are within allowable dimensions of Rev. A of 
JEDEC TS-001AA outline dated 8-89. 


. Lead finish uncontrolled in zone M. 

. Lead dimension (without solder). 

. Add typically 0.002 inches (0.05mm) for solder coating. 

. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. | 

6. Position of lead to be measured 0.100 inches (2.54mm) from bottom 

of dimension D. 
7. Controlling dimension: Inch 
8. Revision 3 dated 12-93. 
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HOW TO USE HARRIS AnswerFAX 


What is AnswerFAX? 
AnswerFAX is Harris’ automated fax response system. It gives you on-demand access to a full 
library of the latest data sheets, application notes, and other information on Harris products. 
ee9e@ 


What do I need to use AnswerFAX? 
Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week. 


How does it work? 


You call the AnswerFAX number, touch-tone your way through a series of recorded questions, 
enter the order numbers of the documents you want, and give AnswerFAX a fax number to send 
them to. You'll have the information you need in minutes. The chart on the next page shows you 
how. 


How do | find out the order number for the publications | want? 


The first time you call AnswerFAX, you should order one or more on-line catalogs of product line 
information. There are nine catalogs: 


e New Products ¢ Digital Signal Processing (DSP) Products =» Rad Hard Products 
¢ Linear/Telecom Products e Discrete & Intelligent Power Products e CMOS Logic Products 
e Data Acquisition Products * Microprocessor Products e Application Notes 


Once they're faxed to you, you can call back and order the publications themselves by number. 
eee 
How do | start? 
Dial 407-724-7800. That's it. 


Please refer to next page for a map to AnswerFAX. 
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Your Map to Harris AnswerFAX 
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FAX IDENTIFIER 


R 
ENTIRE CATALOG LISTING | YOUR 
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ENTER A 
DOCUMENT FAX NUMBER 


NUMBER AND CONFIRM 


DONE | RE-ENTER YOUR 
(UP TO THREE) b= b= | FAX NUMBER} 


VOICE 
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NUMBER &, 


WELCOME TO 
AnswerFAx! 


Lo NEW PRODUCTS | 
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PRODUCTS — 2— 


1/ENTER YOUR NAME 


DESCRIPTION OF si 
AnswerFAX 


Ee ee See eS 
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APPLICATION |: 


BLANK SPACE NOTES | 


BACK-UP ONE 
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HARRIS Harris AnswerFAX Data Book Request Form - Document #199 
SEMICONDUCTOR Data Books Available Now 


PUB. 
/| NUMBER DATA BOOK/DESCRIPTION 


SG103 CMOS LOGIC SELECTION GUIDE (1994: 288pp) This product selection guide contains technical information on Harris 
Semiconductor High Speed 54/74 CMOS Logic Integrated Circuits for commercial, industrial and military applications. It 


covers Harris’ High Speed CMOS Logic HC/HCT Series, AC/ACT Series, BiCMOS Interface Logic FCT Series and CMOS 
Logic CD4000B Series. 


PSG201.21 | PRODUCT SELECTION GUIDE (NEW 1994: 616pp) Key product information on all Harris Semiconductor devices. 
Sectioned (Linear, Data Acquisition, Digital Signal Processing, Telecom, Intelligent Power, Discrete Power, Digital 
Microprocessors and Hi-Rel/Military and Rad Hard) for easy use and includes cross references and alphanumeric part 


number index. 


DB500B LINEAR AND TELECOM ICs (1993: 1,312pp) Product specifications for: op amps, comparators, S/H amps, differential 
amps, arrays, special analog circuits, telecom ICs, and power processing circuits. | 


DATA ACQUISITION (1994: 1,104pp) Product specifications on A/D converters (display, integrating, successive 
approximation, flash); D/A converters, switches, multiplexers, and other products. 


DIGITAL SIGNAL PROCESSING (1994: 528pp) Product specifications on one-dimensional and two-dimensional filters, 
signal synthesizers, multipliers, special function devices (such as address sequencers, binary correlators, histogrammer). 


INTELLIGENT POWER ICs (1994: 946pp) This data book includes a complete set of data sheets for product specifications, 
application notes with design details for specific applications of Harris products, and a description of the Harris quality and 
high reliability program. 


TRANSIENT VOLTAGE SUPPRESSION DEVICES (1994: 400pp) Product specifications of Harris varistors and surgectors. 
Also, general informational chapters such as: “Voltage Transients - An Overview,” “Transient Suppression - Devices and 
Principles,” “Suppression - Automotive Transients.” 


POWER MOSFETs (1994: 1,328pp) This data book contains detailed technical information including standard power 
MOSFETs (the popular RF-series types, the IRF-series of industry replacement types, and JEDEC types), MegaFETs, logic- 
level power MOSFETs (L?FETs), ruggedized power MOSFETs, advanced discrete, high-reliability and radiation-hardened 
power MOSFETs. 


BIPOLAR POWER TRANSISTORS (1992: 592pp) Technical information on over 750 power transistors for use in a wide 
range of consumer. industrial and military applications. 


DB235B RADIATION HARDENED (1993: 2,232pp) Harris technologies used include dielectric isolation (Dl), Silicon-on-Sapphire 
(SOS), and Silicon-on-Insulator (SOI). The Harris radiation-hardened products include the CD4000, HCS/HCTS and ACS/ 

DB303 

DB309 


DB450C 


DB220.1 


ACTS logic families, SRAMs, PROMs, op amps, analog multiplexers, the 80C85/80C86 microprocessor family, analog 
switches, gate arrays, standard cells and custom devices. 


CDP6805 CMOS MICROCONTROLLERS & PERIPHERALS (1995: 436pp) This data book represents the full line of Harris 
Semiconductor CDP6805 products for commercial applications and supersedes previously published CDP6805 data books 
under the Harris, GE, RCA or Intersil names. 


DB260.2 


MICROPROCESSOR PRODUCTS (1992: 1,156pp) For commercial and military applications. Product specifications on 
CMOS microprocessors, peripherals, data communications, and memory ICs. 


MCTAGBT/DIODES (1994: 528pp) This data book fully describes Harris Semiconductor's line of MOS Controlled Thyristors, | 
Insulated Gate Bipolar Transistors (IGBTs) and Power Diodes/Rectifiers. 


ANALOG MILITARY (1989: 1,264pp) This data book describes Harris’ military line of Linear, Data Acquisition, and 
Telecommunications circuits. 


ANALOG MILITARY DATA BOOK SUPPLEMENT (1994: 432pp) The 1994 Military Data Book Supplement, combined with 
the 1989 Analog Military Product Data Book, contain detailed technical information on the extensive line of Harris 
Semiconductor Linear and Data Acquisition products for Military (MIL-STD-883, DESC SMD and JAN) applications and 
supersedes all previously published Linear and Data Acquisition Military data books. For applications requiring Radiation 
Hardened products, please refer to the 1993 Harris Radiation Hardened Product Data Book (document #DB235B) 


DIGITAL MILITARY (1989: 680pp) Harris CMOS digital ICs — microprocessors, peripherals, data communications and 


memory — are included in this data book. 


7004 Complete Set of Commercial Harris Data Books 
7005 Complete Set of Commercial and Military Harris Data Books 


HARRIS 
ANSWERFAX 


NAME PHONE: 
MAIL STOP: FAX: 
COMPANY: 

ADDRESS: 


LITERATURE REQUESTS SHOULD BE DIRECTED TO: HARRIS FULFILLMENT FAX #: 610-265-2520 
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| AnswerFAX 
DOCUMENT 
NUMBER 


27007 


PART 
NUMBER 


BRO0O7 


DESCRIPTION 


Complete Listing of Harris Sales Offic- 
es, Representatives and Authorized 
Distributors World Wide (7 pages) 


ANOO1 ~=Glossary of Data Conversion Terms 
(6 pages) 
ANOO02 _ ~=sC Principles of Data Acquisition and 
Conversion (20 pages) 
9004 ANO04 = The IH5009 Analog Switch Series 
(9 pages) 
9007 ANO07 Using the 8048/8049 Log/Antilog 


Amplifier (6 pages) 


9009 ANOO9 _—s~ Pick Sample-Holds by Accuracy and 
Speed and Keep Hold Capacitors in 


Mind (7 pages) 


ANO013 | Everything You Always Wanted to 
Know About the ICL8038 (4 pages) 


Selecting A/D Converters (7 pages) 


9013 


ANO16 


9017 ANO17 ‘The Integrating A/D Converte 
(5 pages) | 
9018 ANO18 ~— Do's and Don'ts of Applying A/D 
Converters (4 pages) 
ANO23 Low Cost Digital Panel Meter Designs 
(5 pages) 
9027 ANO27  ~==Power Supply Design Using the 


ICL8211 and 8212 (8 pages) 
Build an Auto-Ranging DMM with the 
ICL7103A/8052A A/D Converter Pair 
(6 pages) 
ICL7104: A Binary Output A/D Convert- 
er for Microprocessors (16 pages) 


9028 


ANO028 


ANO30 


ANO32 ~==Understanding the Auto-Zero and 
Common Mode Performance of the 


ICL7106/7107/7109 Family (8 pages) 


9040 ANO40 ___ Using the ICL8013 Four Quadrant 
Analog Multiplier (6 pages) 
ANO042 Interpretation of Data Converter 
Accuracy Specifications (11 pages) 
9046 ANO46 _—s Building a Battery Operated Auto Rang- 
ing DVM with the ICL7106 (5 pages) 
9048 ANO48 Know Your Converter Codes (5 pages) 
9049 ANO49 _~—s Applying the 7109 A/D Converter 


(5 pages) 
Principles and Applications of the 
ICL7660 CMOS Voltage Converter 
(9 pages) 
Tips for Using Single Chip 3.5 Digit A/D 
Converters (9 pages) 


ANO51 


ANO52 


AnswerFAX Technical Support 
Application Note Listing 


AnswerFAX 
DOCUMENT PART 
NUMBER NUMBER DESCRIPTION 


ANO53 The ICL7650 A New Era in Glitch-Free 
Chopper Stabilized Amplifiers 


(19 pages) 


ANO54 ___sODisplay Driver Family Combines Con- 


venience of Use with Microprocessor 
interfaceability (18 pages) 


82C52 Programmable UART 
(12 pages) 


AN109 82C59A Priority Interrupt Controller 
(14 pages) 

AN111 Harris 80C286 Performance 
Advantages Over the 80386 (12 pages) 

AN112 80C286/80386 Hardware Comparison 
(4 pages) 


AN113 Some Applications of Digital Signal Pro- 
cessing Techniques to Digital Video 
(5 pages) 


Real-Time Two-Dimensional Spatial 
Filtering with the Harris Digital Filter 
Family (43 pages) 


AN115 _— Digital Filter (DF) Family Overview 
(6 pages) 


AN116 Extended DF Configurations (10 pages) 

AN120 _ Interfacing the 80C286-16 With the 
80287-10 (2 pages) 

AN121 Harris 80C286 Performance Advantag- 
es Over the 80386SX (14 pages) 

9400 - AN400 ~— Using the HS-3282 ARINC Bus 
Interface Circuit (6 pages) 

AN509 A Simple Comparator Using the 
HA-2620 (1 page) | 

AN514 The HA-2400 PRAM Four Channel 
Operational Amplifier (7 pages) 

AN515 Operational Amplifier Stability: Input 
Capacitance Considerations (2 pages) 


9108 AN108 


AN114 


9517 AN517 ~=— Applications of Monolithic Sample and 
Hold Amplifier (5 pages) 
AN519 = Operational Amplifier Noise Prediction 


(4 pages) 


CMOS Analog Miltiplexers and Switch- 
es; Applications Considerations 
(9 pages) 


AN520 


AN522 __sDigital to Analog Converter 
Terminology (3 pages) 

AN524 _sDigital to Analog Converter High Speed 
ADC Applications (3 pages). 

AN525 HA-5190/5195 Fast Settling Operation- 


al Amplifier (4 pages) 
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AnswerFAX 
DOCUMENT 
NUMBER 


PART 
NUMBER DESCRIPTION 


AN526 ‘Video Applications for the HA-5190/ 
5195 (5 pages) 

AN531 Analog Switch Applications in A/D Data 
Conversion Systems (4 pages) 


AN532 Common Questions Concerning CMOS 
Analog Switches (4 pages) 


AN534 Additional Information on the HI-300 
Series Switch (5 pages) 


AN535 _— Design Considerations for A Data 
Acquisition System (DAS) (7 pages) 

AN538 Monolithic Sample/Hold Combines 
Speed and Precision (6 pages) 


AN539 #A Monolithic 16-Bit D/A Converter 
(5 pages) 
AN540 ~~ HA-5170 Precision Low Noise JFET 
Input Operation Amplifier (4 pages) 
Using HA-2539 or HA-2540 Very High 
Slew Rate, Wideband Operational 
Amplifier (4 pages) 
AN543 New High Speed Switch Offers 
Sub-50ns Switching Times (7 pages) 


AN544 ~=Micropower Op Amp Family (6 pages) 


AN546 ~—s A Method of Calculating HA-2625 Gain 
Bandwidth Product vs. Temperature 
(4 pages) 
9548 AN548 A Designers Guide for the HA-5033 
Video Buffer (12 pages) 


AN549_ ~=—s The HC-550X Telephone Subscriber 
Line Interface Circuits (SLIC) 
(19 pages) 


AN550 _—sUsing the HA-2541(6 pages) 


AN551 Recommended Test Procedures for 
Operational Amplifiers (6 pages) 


AN552 _~_—sCUsiing the HA-2542 (5 pages) 


AN553 ~—HA-5147/37/27, Ultra Low Noise 
Amplifiers (8 pages) 


AN554 ~—Low Noise Family 
HA-5101/02/04/1 1/12/14 (7 pages) 

AN556 —_—s Thermal Safe-Operating-Areas for High 
Current Op Amps (5 pages) 

9557 AN557 Recommended Test Procedures for An- 
alog Switches (6 pages) 

AN558 — Using the HV-1205 AC to DC Converter 
(2 pages) 

AN559 _—_—HI-222 Video/HF Switch Optimizes Key 
Parameters (7 pages) 


9571 AN571 ~—_—-Using Ring Sync with HC-5502A and 
HC-5504 SLICs (2 pages) 


AN541 


AnswerFAX Technical Support 
Application Note Listing 


AnswerFAX 

DOCUMENT 

NUMBER 
9573 


9574 
9576 


9607 


6048 


96077 


96157 


96182 


96386 


96459 


96669 


96970 
97063 
97174 


97244 


97254 


97260 


97275 


PART 
NUMBER 
AN573 


AN574 
AN576 


AN607 


AN5290 


AN6048 


AN6077 


AN6157 


AN6182 


AN6386 


AN6459 


AN6565 


AN6669 


AN6915 


AN6970 


AN7063 


AN7174 The CA1524E Pulse-Width Modulator- 


AN7244 


AN7254 


AN7260 


AN7275 


DESCRIPTION 


The HC-5560 Digital Line Transcoder 
(6 pages) 
Understanding PCM Coding (3 pages) 


HC-5512 PCM Filter Cleans Up CVSD 
Codec Signals (2 pages) 


Delta Modulation for Voice 
Transmission (5 pages) 


Integrated Circuit Operational 
Amplifiers (20 pages) 


Some Applications of A Programmable | 
Power Switch/Amp (12 pages) 


An IC Operational-Transconductance- 
Amplifier (OTA) With Power Capability 
(12 pages) 
Applications of the CA3085 Series 
Monolithic IC Voltage Regulators 
(11 pages) 
Features and Applications of Integrated 
Circuit Zero-Voltage Switches 
(CA3058, CA3059 and CA3079) 

(31 pages) 
Understanding and Using the CA3130, 


CA3130A and CA3130B30A/30B 
BiMOS Operation Amplifiers (5 pages) 


Why Use the CMOS Operational 
Amplifiers and How to Use it (4 pages) 


Design of Clock Generators For Use 
With COSMAC Microprocessor 
CDP1802 (3 pages) 


FET-Bipolar Monolithic Op Amps Mate 
Directly to Sensitive Sources (3 pages) 


Application of CA1524 Series 
Pulse-Width Modulator ICs (18 pages) 


Understanding and Using the CDP 1855 
Multiply/Divide Unit (11 pages) 


Understanding the CDP1851 
Programmable I/O (7 pages) 


Driver for an Electronic Scale (2 pages) 


Understanding Power MOSFETs 

(4 pages) 

Switching Waveforms of the L2FET: 
A5 Volt Gate-Drive Power MOSFET 
(8 pages) 
Power MOSFET Switching Waveforms: 
A New Insight (7 pages) 


User's Guide to the CDP1879 and 
CDP1879C1 CMOS Real-Time Clocks 
(18 pages) 
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AnswerFAX 
DOCUMENT 
NUMBER 


97326 


PART 
NUMBER DESCRIPTION 


AN7326 = Applications of the CA3228E Speed 
Control System (16 pages) 


AN7332 The Application of Conductivity-Modu- 
lated Field-Effect Transistors (5 pages) 


AN7374 The CDP1871A Keyboard Encoder 
(9 pages) 

AN8602_~=—s The IGBTs - A New High Conductance 
MOS-Gated Device (3 pages) 


Improved IGBTs with Fast Switching 
Speed and High-Current Capability 
(4 pages) 


97332 


97374 


98602 


98603 AN8603 


98610 AN8610 = Spicing-Up Spice II Software for Power 


MOSFET Modeling (8 pages) 


AN8614 The CA1523 Variable Interval Pulse 
Regulator (VIPUR) For Switch Mode 
Power Supplies (13 pages) 

AN8707 The CA3450: A Single-Chip Video Line 


Driver and High Speed Op Amp 
(14 pages) 


AN8742 = Application of the CD22402 Video Sync 
Generator (4 pages) 


AN8743  Micropower Crystal-Controlled Oscilla- 
tor Design Using CMOS Inverters 
(8 pages) 


98614 


98707 


98742 


98743 


| 98754 AN8754 Method of Measurement of Simulta- 
| neous Switching Transient (3 pages) | 
98756 AN8756 AComparative Description of the UART | 
| (16 pages) 
98759 AN8759 Low Cost Data Acquisition System Fea- 
tures SPI A/D Converter (9 pages) 
98761 AN8761__—User's Guide to the CDP68HC68T 1 
Real-Time Clock (14 pages) 
98811 | AN8811  BiMOS-E Process Enhances the 
CA5470 Quad Op Amp (8 pages) 


98818 AN8818 Exceptional Radiation Levels from Sili- 
con-on-Sapphire Processed High- 


Speed CMOS Logic (5 pages) 


AN8820 Recommendations for Soldering Termi- 
nal Leads to MOV Varistor Discs 
(2 pages) 


CMOS Phase-Locked-Loop Applica- 
tions Using the CD54/74HC/HCT4046A 
and CD54/74HC/HCT7046A (23 pages) 


SP600 and SP601 an HVIC MOSFET/ 
IGBT Driver for Half-Bridge Topologies 
(6 pages) 


98820 


98823 AN8823 


98829 AN8829 


98910 


AN8910 An Introduction to Behavioral Simula- 
tion Using Harris AC/ACT Logic Smart- 
Models™ From Logic Automation Inc. 


(9 pages) 


AnswerFAX Technical Support 
Application Note Listing 


| AnswerFAX 
DOCUMENT 
NUMBER 


99001 


PART 
NUMBER 


AN9001 


DESCRIPTION 


Measuring Ground and VCC Bounce in 
Advanced High Speed (AC/ACT/FCT) 
CMOS Logic ICs (4 pages) 


AN9002 ___‘ Transient Voltage Suppression in 
Automotive Vehicles (8 pages) 
AN9003 Low-Voltage Metal-Oxide Varistor - 


Protection for Low Voltage (<5V) ICs 
(13 pages) 


AN9010 —_HIP2500 High Voltage (500Vpc) Half- | 
Bridge Driver IC (8 pages) 


AN9011 Synchronous Operation of Harris Rad 
Hard SOS 64K Asynchronous SRAMs 
(4 pages) 


AN9101 High Current Off Line Power Supply 
(4 pages) 
AN9102 = Noise Aspects of Applying Advanced 
CMOS Semiconductors (9 pages) 
AN9105  HVIC/IGBT Half-Bridge Converter 
Evaluation Circuit (1 page) 
AN9106 Special ESD Considerations for the HS- 


65643RH and HS-65647RH Radiation 
Hardened SOS SRAMs (2 pages) 


Harris Multilayer Surface Mount Surge 
Suppressors (10 pages) 


| AN9201 Protection Circuits for Quad and Octal _| 
| Low Side Power Drivers (8 pages) 
AN9202_ _—sUssing the HFA1100, HFA1130 
Evaluation Fixture (4 pages) 
| AN9203 = Using the HI5800 Evaluation Board 
(13 pages) 


99002 


99003 


99010 


99106 


99108 | AN9108 


99204 AN9204 Tools for Controlling Voltage Surges o] 
and Noise (4 pages) 
AN9205 ___—‘ Timing Relationships for HSP45240 
(2 pages) 
99206 AN9206 _ _— Correlating on Extended Data Lengths | 
| (2 pages) | 
99207 | AN9207 DSP Temperature Considerations 
| (2 pages) 
99208 | AN9208 High Frequency Power Converters | 


(10 pages) 


99209 AN9209 ASpice-2 Subcircuit Representation for 
Power MOSFETs, Using Empirical | 


Methods (4 pages) 


AN9210 ANewPSpice Subcircuit for the Power | 
MOSFET Featuring Global Tempera- 


ture Options (12 pages) 


AN9211  Soidering Recommendations for 
Surface Mount Metal Oxide Varistors 
and Multilayer Transient Voltage 


Suppressors (8 pages) 


11-6 


HARRIS AnswerFAX Technical Support 
SEMICONDUCTOR Application Note Listing 


AnswerFAX 
DOCUMENT | PART 
NUMBER NUMBER DESCRIPTION 


AnswerFAX 
DOCUMENT 
NUMBER 


PART 
NUMBER 


DESCRIPTION 


Applications (9 pages) (2 pages) 


AN9303 Upgrading Your Application to the AN9334 = Improving Start-Up Time at 32kHz 


AN9212 HIP5060 Family of Current Mode AN9323  HIP5061 High Efficiency, High Perfor- 
Control ICs Enhance 1MHz Regulator mance, High Power Converter 
Performance (7 pages) (10 pages) 
AN9213 Advantages and Application of Display 99327 AN9327 HC-5509A1 Ring Trip Component 
Integrating A/D Converters (6 pages) Selection (9 pages) 
AN9214 Using Harris High Speed A/D | 99328 AN9328 Using the HI1166 Evaluation Board 
Converters (10 pages) (9 pages) 
AN9215 _—_— Using the HI-5700 Evaluaton Board AN9329 __—Usiing the HI1176/HI1171 Evaluation 
(7 pages) Board (5 pages) 
| AN9216 Using the HI5701 Evaluation Board AN9330 Using the HI1396 Evaluation Board 
(8 pages) (9 pages) 
99217 AN9217 ~—_ High Current Off Line Power Supply AN9331 Using the HI1175 Evaluation Board 
; (11 pages) (4 pages) 
99301 AN9301 ~=High Current Logic Level MOSFET AN9332 Using the HI1276 Evaluation Board 
Driver (3 pages) (10 pages) 
AN9302 CA3277 Dual 5V Regulator Circuit uk AN9333 Using the HI1386 Adapter Board 
HI7166 or HI7167 (7 pages) | for the HA7210 Low Power Crystal 
| 99304 AN9304 ESD and Transient Protection Using the Osctalot \e Paves) | 
SP720 (5 pages) 660001 MMO0001 WHFA-0001 Spice Operational Amplifier 
99306 | ANQ306 The New “C" lil Series of Metal Oxide Mego Moco! (Pages) 


660002 | MMO002 HFA-0002 Spice Operational Amplifier 
Macro-Model (4 pages) 


| 660005 MMO005 HFA-0005 Spice Operational Amplifier 
Marco-Model (4 pages) 


Varistors (5 pages) 


99307 AN9307 The Connector Pin Varistor for 


Transient Voltage Protection in 
Connectors (7 pages) 


99309 | AN9309 Using the HI5800/HI5801 Evaluation _| 


662500 | MM2500 WHA2500/02 Spice Operational Amplifier 
| | Board (8 pages) Macro-Model (5 pages) 
99310 AN9308 _—*Voltage Transients and their 


Suppression (5 pages) 


99311 | AN9311 The ABCs of MOVs (3 pages) | 


| AN9312 Suppression of Transients in an | 
Automative Environment (11 pages) 


662510 | MM2510 HA-2510/12 Spice Operational —si| 
Amplifier Macro-Model (4 pages) 


662520 | MM2520 HA-2520/22 Spice Operational 
Amplifier Macro-Model (4 pages) 


662539 | MM2539 HA-2539 Spice Operational Amplifier | 
Macro-Model (4 pages) 
| 662540 | MM2540_ HA-2540 Spice Operational Amplifier 
Macro-Model (4 pages) 


662541 MM2541 HA-2541 Spice Operational Amplifier 
Macro-Model (5 pages) 


662542 MM2542 HA-2542 Spice Operational Amplifier 
j Macro-Model (5 pages) 


662544 MM2544_ HA-2544 Spice Operational Amplifier 
Macro-Model (5 pages) 


662548 | MM2548 HA-2548 Spice Operational Amplifier 
Macro-Model (5 pages) 


662600 MM2600  HA-2600/02 Spice Operational 
Amplifier Macro-Model (5 pages) 


MM2620  HA-2620/22 Spice Operational 
| Amplifier Macro-Model (5 pages) 


| AN9313 Circuit Considerations in Imaging 
Applications (8 pages) 


AN9314 Harris UHF Pin Drivers (4 pages) _—i| 


AN9315 RF Amplifier Design Using HFA3046/ 
3096/3127/3128 Transistor Arrays 
(4 pages) 
Power Supply Considerations for the 
HI-222 High Frequency Video Switch 
(2 pages) 
AN9317 Micropower Clock Oscillator and Op 
Amps Provide System Control for Bat- 
tery Operated Circuits (2 pages) 


AN9316 


99317 


HARRIS 
ANSWERFAX 


| AN9321 Single Pulse Unclamped Inductive 
Switching: A Rating System (5 pages) 


| AN9322 A Combined Single Pulse and 
Repetitive UIS Rating System (4 pages) 


662620 
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AnswerFAX 
DOCUMENT PART 
NUMBER NUMBER | 


662839 MM2839 

662840 MM2840 HA-2840 Spice Operational Amplifier 
Macro-Model (4 pages) 

_ 662841 MM2841 

662842 MM2842 HA-2842 Spice Operational Amplifier 
Macro-Model (4 pages) 

662850 MM2850  HA-2850 Spice Operational Amplifier 

665002 


DESCRIPTION 


HA-2839 Spice Operational Amplifier 
Macro-Model (4 pages) . 


HA-2841 Spice Operational Amplifier 
Macro-Model (4 pages) 


Macro-Model (4 pages) 


MM5002_ HA-5002 Spice Buffer Amplifier 
_ Macro-Model (4 pages) 


665004 MM5004_ HA-5004 Spice Current Feedback 
Amplifier Macro-Model (4 pages) 


MM5020 HA-5020 Spice Current Feedback 
Operational Amplifier Macro-Model 
(4 pages) 

MM5033 HA-5033 Spice Buffer Amplifier 
Macro-Model (4 pages) 


665020 


MM5101 
Macro-Model (5 pages) 


HA-5101 Spice Operational Amplifier 


AnswerFAX Technical Support 
Application Note Listing 


AnswerFAX 
DOCUMENT PART 
NUMBER NUMBER DESCRIPTION 


MM5102 HA-5102 Spice Operational Amplifier 
Macro-Model (5 pages) 


MM5104 HA-5104 Spice Operational Amplifier 
Macro-Model (5 pages) _ 

MM5112 HA-5112 Spice Operational Amplifier 
Macro-Model (5 pages) 


MM5114 HA-5114 Spice Operational Amplifier 
Macro-Model (5 pages) 


MM5127 HA-5127 Spice Operational Amplifier 
Macro-Model (4 pages) 


MM5137 HA-5137 Spice Operational Amplifier 
Macro-Model (4 pages) 


MM5147 HA-5147 Spice Operational Amplifier 
Macro-Model (4 pages) 


MM5190 HA-5190 Spice Operational Amplifier 
_ Macro-Model (4 pages) 


HA-5221/22 Spice Operational 


MM5221 
Amplifier Macro-Model (4 pages) 


797338 MM Harris Power MOSFET and MCT Spice 
PWRDEV_ Model Library (16 pages) 


665104 


665127 


665137 
665147 
665190 
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HARRIS HEADQUARTER LOCATIONS BY COUNTRY: 


U.S. HEADQUARTERS 
Harris Semiconductor 


P. O. Box 883, Mail Stop 53-210 


Melbourne, FL 32902 

TEL: 1-800-442-7747 
(407) 729-4984 

FAX: (407) 729-5321 


SOUTH ASIA 

Harris Semiconductor H.K. Ltd 
13/F Fourseas Building 
208-212 Nathan Road 


Tsimshatsui, Kowloon Hong Kong 


TEL: (852) 723-6339 


EUROPEAN HEADQUARTERS 
Harris Semiconductor 

Mercure Center 

100, Rue de la Fusee 

1130 Brussels, Belgium 

TEL: 32 2 724 21 11 


NORTH ASIA 

Harris K.K. 

Kojimachi-Nakata Bldg. 4F 
5-3-5 Kojimachi 

Chiyoda-ku, Tokyo 102 Japan 
TEL: (81) 3-3265-7571 

TEL: (81) 3-3265-7572 (Sales) 


TECHNICAL ASSISTANCE IS AVAILABLE FROM THE FOLLOWING SALES OFFICES 


UNITED STATES CALIFORNIA 


FLORIDA 
GEORGIA 
ILLINOIS 

INDIANA 
MASSACHUSETTS 
NEW JERSEY 
NEW YORK 


TEXAS 
INTERNATIONAL FRANCE 

GERMANY 

HONG KONG 

ITALY 

JAPAN 

KOREA 

SINGAPORE 

TAIWAN 

UNITED KINGDOM 
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For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS) or call 
Harris AnswerFAX for immediate fax service at 407-724-7800 
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SALES OFFICES 


SALES OFFICES 


North American Sales Offices and Representatives 


ALABAMA 
Harris Semiconductor 
600 Boulevard South 
Suite 103 
Huntsville, AL 35802 
TEL: (205) 883-2791 
FAX: 205 883 2861 


Giesting & Associates 
Suite 15 
4835 University Square 
Huntsville, AL 35816 

~ TEL: (205) 830-4554 
FAX: 205 830 4699 


ARIZONA 
Compass Mktg. & Sales, Inc. 
11801 N. Tatum Blvd. #101 
Phoenix, AZ 85028 
TEL: (602) 996-0635 
FAX: 602 996 0586 


P.O. Box 65447 
Tucson, AZ 85728 
TEL: (602) 577-0580 
FAX: 602 577 0581 


CALIFORNIA 

Harris Semiconductor 
1503 So. Coast Drive 
Suite 320 

Costa Mesa, CA 92626 
TEL: (714) 433-0600 
FAX: 714 433 0682 


Harris Semiconductor 
3031 Tisch Way 

1 Plaza South 

San Jose, CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 


CK Associates 

8333 Clairemont Mesa Blvd. 
Suite 102 

San Diego, CA 92111 

TEL: (619) 279-0420 

FAX: 619 279 7650 


Ewing Foley, Inc. 
185 Linden Avenue 
Auburn, CA 95603 
TEL: (916) 885-6591 
FAX: 916 885 6594 


Ewing Foley, Inc. 
895 Sherwood Lane 
Los Altos, CA 94022 
TEL: (415) 941-4525 
FAX: 415 941 5109 


Vision Technical Sales, Inc. 
26010 Mureau Road 

Suite 140 

Calabasas, CA 91302 

TEL: (818) 878-7955 

FAX: 818 878 7965 


* 


* 


* 


CANADA 
Blakewood Electronic 
Systems, Inc. 
#201 - 7382 Winston Street 
Burnaby, BC 
Canada V5A 2G9 
TEL: (604) 444-3344 
FAX: 604 444 3303 


Clark Hurman Associates 
Unit 14 

20 Regan Road 
Brampton, Ontario. 
Canada L7A IC3 
TEL: (905) 840-6066 
FAX: 905 840-6091 
308 Palladium Drive 
Suite 200 

Kanata, Ontario 
Canada K2B 1A1 
TEL: (613) 599-5626 
FAX: 613 599 5707 


78 Donegani, Suite 200 
Pointe Claire, Quebec 
Canada H9R 2V4 

TEL: (514) 426-0453 
FAX: 514 426 0455 


COLORADO 
Compass Mktg. & Sales, Inc. 
5600 So. Quebec St. 
Suite 350D 
Greenwood Village, CO 80111 
TEL: (303) 721-9663 
FAX: 303 721 0195 


CONNECTICUT 
Advanced Tech. Sales, inc. 


Westview Office Park 

Bldg. 2, Suite 1C 

850 N. Main Street Extension 
Wallingford, CT 06492 

TEL: (508) 664-0888 

FAX: 203 284 8232 


FLORIDA 
Harris Semiconductor 
* 2401 Palm Bay Rd. 
Palm Bay, FL 32905 
TEL: (407) 729-4984 
FAX: 407 729 5321 


Sun Marketing Group 
1956 Dairy Rd. 

West Melbourne, FL 32904 
TEL: (407) 723-0501 . 
FAX: 407 723 3845 


Sun Marketing Group 

4175 East Bay Drive, Suite 128 
Clearwater, FL 34624 

TEL: (813) 536-5771 

FAX: 813 536 6933 


Sun Marketing Group 

600 S. Federal Hwy., Suite 218 
Deerfield Beach, FL 33441 
TEL: (305) 429-1077 

FAX: 305 429 0019 


GEORGIA 
Giesting & Associates 

* 2434 Hwy. 120, Suite 108 
Duluth, GA 30136 
TEL: (404) 476-0025 
FAX: 404 476 2405 


ILLINOIS 
Harris Semiconductor 
* 1101 Perimeter Dr., Suite 600 
Schaumburg, IL 60173 
TEL: (708) 240-3480 
FAX: 708 619 1511 


* Field Application Assistance Available 


Oasis Sales 

1101 Tonne Road 

Elk Grove Village, IL 60007 
TEL: (708) 640-1850 

FAX: 708 640 9432 


INDIANA 
Harris Semiconductor 
* 11590 N. Meridian St. 
Suite 100 
Carmel, .IN 46032 
TEL: (317) 843-5180 
FAX: 317 843 5191 


Giesting & Associates 
370 Ridgepoint Dr. 
Carmel, IN 46032 

TEL: (317) 844-5222 
FAX: 317 844 5861 


IOWA 
Oasis Sales 
4905 Lakeside Dr., NE 
Suite 203 
Cedar Rapids, IA 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 


KANSAS 
Advanced Tech. Sales, Inc. 
601 North Mur-Len, Suite 8 
Olathe, KS 66062 
TEL: (913) 782-8702 
FAX: 913 782 8641 


KENTUCKY 
Giesting & Associates 
204 Pintail Court 
Versailles, KY 40383 
TEL: (606) 873-2330 
FAX: 606 873 6233 


_ MARYLAND 


New Era Sales, Inc. 

890 Airport Pk. Rd, Suite 103 
Glen Burnie, MD 21061 

TEI: (410) 761-4100 

FAX: 410 761-2981 


MASSACHUSETTS 

Harris Semiconductor 

Six New England Executive Pk. 
Burlington, MA 01803 

TEL: (617) 221-1850 

FAX: 617 221 1866 


Advanced Tech Sales, Inc. 
348 Park Street, Suite 102 
Park Place West 

N. Reading, MA 01864 
TEL: (508) 664-0888 

FAX: 508 664 5503 


+ 


MICHIGAN 
Harris Semiconductor 
* 27777 Franklin Rd., Suite 460 
Southfield, M! 48034 
TEL: (810) 746-0800 
FAX: 810 746 0516 


Giesting & Associates 

34441 Eight Mile Rd., Suite 113 
Livonia, MI 48152 

TEL: (810) 478-8106 

FAX: 810 477 6908 
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Giesting & Associates 
1279 Skyhills N.E. 
Comstock Park, MI 49321 
TEL: (616) 784-9437 


FAX: 616 784 9438 


MINNESOTA 


Oasis Sales 

7805 Telegraph Road 
Suite 210 

Bloomington, MN 55438 
TEL: (612) 941-1917 
FAX: 612 941 5701 


MISSOURI 


Advanced Tech. Sales 
13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 

TEL: (314) 291-5003 

FAX: 314 291 7958 


NEBRASKA 


Advanced Tech. Sales, Inc. 
601 North Mur-Len, Suite 8 
Olathe, KS 66062 

TEL: (913) 782-8702 

FAX: 913 782 8641 


NEW JERSEY 


* 


Harris Semiconductor 
Plaza 1000 at Main Street 
Suite 104 

Voorhees, NJ 08043 

TEL: (609) 751-3425 
FAX: 609 751 5911 


Harris Semiconductor 
724 Route 202 

P.O. Box 591 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 
Tritek Sales, Inc. 

One Mall Dr., Suite 410 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 


NEW MEXICO 


Compass Mktg. & Sales, Inc. 
4100 Osuna Rd., NE, Suite 109 
Albuquerque, NM 87109 

TEL: (505) 344-9990 

FAX: 505 345 4848 


NEW YORK 


t 


Harris Semiconductor 
Hampton Business Center 
1611 Rt. 9, Suite U3 
Wappingers Falls, NY 12590 
TEL: (914) 298-0413 

FAX: 914 298 0425 


Harris Semiconductor 

490 Wheeler Rd, Suite 165B 
Hauppauge, NY 11788-4365 
TEL: (516) 342-0219 

FAX: 516 342 0295 


Foster & Wager, Inc. 
300 Main Street 
Vestal, NY 13850 
TEL: (607) 748-5963 
FAX: 607 748 5965 


North American Sales Offices and Representatives (Continued) 


Foster & Wager, Inc. 
2511 Browncroft Bivd. 
Rochester, NY 14625 
TEL: (716) 385-7744 

FAX: 716 586 1359 


Foster & Wager, Inc. 
7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457-7954 
FAX: 315 457 7076 


Trionic Associates, Inc. 
320 Northern Blvd. 
Great Neck, NY 11021 
TEL: (516) 466-2300 
FAX: 516 466 2319 


NORTH CAROLINA 
Harris Semiconductor 


4020 Stirrup Creek Dr. 
Building 2A, MS/2T08 
Durham, NC 27703 
TEL: (919) 405-3600 
FAX: 919 405 3660 


New Era Sales 

1215 Jones Franklin Road 
Suite 201 

Raleigh, NC 27606 

TEL: (919) 859-4400 
FAX: 919 859 6167 


OHIO 
Giesting & Associates 
P.O. Box 39398 
2854 Blue Rock Rd. 
Cincinnati, OH 45239 
TEL: (513) 385-1105 
FAX: 513 385 5069 


6324 Tamworth Ct. 
Columbus, OH 43017 
TEL: (614) 752-5900 


6200 SOM Center Rd. 
Suite D-20 

Solon, OH 44139 
TEL: (216) 498-4644 
FAX: 216 498 4554 


OKLAHOMA 
Nova Marketing 
8421 East 61st Street, Suite P 
Tulsa, OK 74133-1928 
TEL: (800) 826-8557 
TEL: (918) 660-5105 
FAX: 918 357 1091 


OREGON 


Northwest Marketing Assoc. 


6975 SW Sandburg Rd. 
Suite 330 

Portland, OR 97223 
TEL: (503) 620-0441 
FAX: 503 684 2541 


PENNSYLVANIA 
Giesting & Associates 
471 Walnut Street 
Pittsburgh, PA 15238 
TEL: (412) 828-3553 
FAX: 412 828 6160 


TEXAS 
Harris Semiconductor 


® 


Dallas, TX 75248 
TEL: (214) 733-0800 
FAX: 214 733 0819 


Nova Marketing 

8310 Capitol of Texas Hwy. 
Suite 180 

Austin, TX 78731 

TEL: (512) 343-2321 

FAX: 512 343-2487 


North American Authorized Distributors and Corporate Offices 
Hamilton Halimark and Zeus are the only authorized North American distributors for stocking and sale of Harris Rad Hard Space products. 


Alliance Electronics 
7550 E. Redfield Rd. 
Scottsdale, AZ 85260 
TEL: (602) 483-9400 
FAX: (602) 443 3898 


Arrow/Schweber 
Electronics Group 
25 Hub Dr. 

Melville, NY 11747 
TEL: (516) 391-1300 
FAX: 516 391 1644 


Electronics Marketing 
Corporation (EMC) 
1150 West Third Avenue 
Columbus, OH 43212 
TEL: (614) 299-4161 
FAX: 614 299 4121 


North American Authorized Distributors 


ALABAMA 
Arrow/Schweber 
Huntsville 
TEL: (205) 837-6955 


Hamilton Hallmark 
Huntsville 
TEL: (205) 837-8700 


Wyle Electronics 
Huntsville 
TEL: 205) 830-1119 


Zeus, An Arrow Company 
Huntsville 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


Farnell Electronic Services 


300 North Rivermede Rd. 
Concord, Ontario 
Canada L4K 3N6 

TEL: (416) 798-4884 
FAX: 416 798 4889 


Gerber Electronics 

128 Carnegie Row 
Norwood, MA 02062 

TEL: (617) 769-6000, x156 
FAX: 617 762 8931 


ARIZONA 
Alliance Electronics, Inc. 


Gilbert 
TEL: (602) 813-0233 


Scottsdale 
TEL: (602) 483-9400 


Arrow/Schweber 
Tempe 

TEL: (602) 431-0030 
Hamilton Hallmark 
Phoenix 

TEL: (602) 437-1200 
Wyle Electronics 


Phoenix 
TEL: (602) 437-2088 


* Field Application Assistance Available 


Hamilton Halimark 

10950 W. Washington Bivd. 
Culver City, CA 90230 
TEL: (310) 558-2000 

FAX: 310 558 2809 (Mil) 
FAX: 214 343 5988(Com) 


Newark Electronics 
4801 N. Ravenswood 
Chicago, IL 60640 
TEL: (312) 784-5100 
FAX: 312 275-9596 


Wyle Electronics 
(Commercial Products) 
3000 Bowers Avenue 
Santa Clara, CA 95051 
TEL: (408) 727-2500 
FAX: 408 988-2747 


Zeus, An Arrow Company 
Tempe 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


CALIFORNIA 
Alliance Electronics, inc. 
Santa Clarita 
TEL: (805) 297-6204 
Arrow/Schweber 
Calabasas 
TEL: (818) 880-9686 


Fremont 
TEL: (408) 432-7171 


Irvine 
TEL: (714) 587-0404 
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8350 Meadow Rd., Suite 174 
Dallas, TX 75231 

TEL: (214) 265-4600 

FAX: 214 265 4668 


Corporate Atrium II, Suite 140 
10701 Corporate Dr. 

Stafford, TX 77477 

TEL: (713) 240-6082 

FAX: 713 240 6094 


UTAH 


Compass Mktg. & Sales, Inc. 
5 Triad Center, Suite 320 

Salt Lake City, UT 84180 
TEL: (801) 322-0391 

FAX: 801 322-0392 


WASHINGTON 


Northwest Marketing Assoc. 
12835 Bel-Red Road 

Suite 330N 

Bellevue, WA 98005 

TEL: (206) 455-5846 

FAX: 206 451 1130 


WISCONSIN 


Oasis Sales 

1305 N. Barker Rd. 
Brookfield, WI 53005 
TEL: (414) 782-6660 
FAX: 414 782 7921 


Zeus Electronics, 

An Arrow Company 
100 Midland Avenue 
Pt. Chester, NY 10573 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 
FAX: 914 937-2553 


Obsolete Products: 


Rochester Electronic 
10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 


San Diego 

TEL: (619) 565-4800 
San Jose 

TEL: (408) 441-9700 


Hamilton Hallmark 
Costa Mesa 
TEL: (714) 641-4100 


Los Angeles 
TEL: (818) 594-0404 


Sacramento 

TEL: (916) 624-9781 
San Diego 

TEL: (619) 571-7540 
San Jose 

TEL: (408) 435-3500 
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North American Authorized Distributors (Continued) 


Wyle Electronics 
Calabasas 
TEL: (818) 880-9000 


Irvine 
TEL: (714) 863-9953 


Rancho Cordova 
TEL: (916) 638-5282 


San Diego 
TEL: (619) 565-9171 


Santa Clara 
TEL: (408) 727-2500 


Zeus, An Arrow Company 
San Jose 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


Irvine 
TEL: (714) 921-9000 
TEL: (800) 52-HI-REL 


CANADA 
Arrow/Schweber 
Burnaby, British Columbia 
TEL: (604) 421-2333 


Dorval, Quebec 
TEL: (514) 421-7411 


Nepan, Ontario 
TEL: (613) 226-6903 


Mississagua, Ontario 
TEL: (905) 670-7769 


Farnell Electronic Services 
Burnaby, British Columbia 
TEL: (604) 291-8866 


Caigary, Alberta 
TEL: (403) 273-2780 


Concord, Ontario 
TEL: (416) 798-4884 


V. St. Laurent, Quebec 
TEL: (514) 335-7697 


Nepean, Ontario 
TEL: (613) 596-6980 


Winnipeg, Manitoba 
TEL: (204) 786-2589 


Hamilton Hallmark 
Mississagua, Ontario 
TEL: (905) 564-6060 


Montreal 
TEL: (514) 335-1000 


Ottawa 
TEL: (613) 226-1700 


Vancouver, B.C. 
TEL: (604) 420-4101 


Toronto 
TEL: (905) 564-6060 


COLORADO 
Arrow/Schweber 
Englewood 

TEL: (303) 799-0258 


Hamilton Hallmark 
Denver 
TEL: (303) 790-1662 


Colorado Springs 
TEL: (719) 637-0055 
Wyle Electronics 


Thornton 
TEL: (303) 457-9953 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


CONNECTICUT 


Alliance Electronics, inc. 
Shelton 
TEL: (203) 926-0087 


Arrow/Schweber 
Wallingford 
TEL: (203) 265-7741 


Hamilton Hallmark 
Danbury 

TEL: (203) 271-2844 

Zeus, An Arrow Company 
TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


FLORIDA 


Arrow/Schweber 
Deerfield Beach 
TEL: (305) 429-8200 


Lake Mary 
TEL: (407) 333-9300 


Hamilton Hallmark 
Miami 

TEL: (305) 484-5482 
Orlando 

TEL: (407) 657-3300 


Largo 
TEL: (813) 541-7440 


Wyle Electronics 
Fort Lauderdale 
TEL: (305) 420-0500 


St. Petersburg 
TEL: (813) 576-3004 


Zeus, An Arrow Company 
Lake Mary 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


GEORGIA 


Arrow/Schweber 
Duluth 
TEL: (404) 497-1300 


Hamilton Hallmark 
Atlanta 
TEL: (404) 623-5475 


Wyle Electronics 
Duluth 
TEL: (404) 441-9045 


Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


ILLINOIS 
Alliance Electronics, Inc. 


Vernon Hills 
TEL: (708) 949-9890 


Arrow/Schweber 
Itasca 
TEL: (708) 250-0500 


Hamilton Hallmark 
Chicago 

TEL: (708) 860-7780 
Newark Electronics, Inc. 
Chicago 

TEL: (312) 907-5436 


* Field Application Assistance Available 


Wyle Electronics 
Addison 
TEL: (708) 620-0969 


Zeus, An Arrow Company 
Itasca 

TEL: (708) 250-0500 

TEL: (800) 52-HI-REL 


INDIANA 


Arrow/Schweber 
Indianapolis 

TEL: (317) 299-2071 
Hamilton Halimark 
Indianapolis 

TEL: (317) 872-8875 

Zeus, An Arrow Company 
TEL: (708) 250-0500 

TEL: (800) 52-HI-REL 


IOWA 


Arrow/Schweber 
Cedar Rapids 
TEL: (319) 395-7230 


Hamilton Hallmark 

Cedar Rapids 

TEL: (319) 362-4757 

Zeus, An Arrow Company 


TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


KANSAS 


Arrow/Schweber 
Lenexa 
TEL: (913) 541-9542 


Hamilton Halimark 
Kansas City 
TEL: (913) 888-4747 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


MARYLAND 


Arrow/Schweber 
Columbia 
TEL: (301) 596-7800 


Hamilton Halimark 
Baltimore 
TEL: (410) 988-9800 


Wyle Electronics 
Columbia 
TEL: (410) 312-4844 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


MASSACHUSETTS 


Alliance Electronics, Inc. 
Winchester 
TEL: (617) 756-1910 


Arrow/Schweber 
Wilmington 

TEL: (508) 658-0900 
Gerber 

Norwood 

TEL: (617) 769-6000 


Hamilton Hallmark 
Peabody 

TEL: (508) 532-9893 
Wyle Electronics 


Burlington 
(617) 272-7300 
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Zeus, An Arrow Company 


Wilmington, MA 
TEL: (508) 658-4776 
TEL: (800) HI-REL 


MICHIGAN 


Arrow/Schweber 
Livonia 

TEL: (313) 462-2290 
Hamilton Hallmark 
Detroit 

TEL: (313) 347-4271 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


MINNESOTA 


Arrow/Schweber 
Eden Prarie 
TEL: (612) 941-5280 


Hamilton Hallmark 
Minneapolis 
TEL: (612) 881-2600 


Wyle Electronics 
Minneapolis 

TEL: (612) 853-2280 

Zeus, An Arrow Company 


TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


MISSOURI 


Arrow/Schweber 
St. Louis 
TEL: (314) 567-6888 


Hamilton Hallmark 
St. Louis 
TEL: (314) 291-5350 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


NEW JERSEY 


Arrow/Schweber 
Marlton 

TEL: (609) 596-8000 
Pinebrook 

TEL: (201) 227-7880 


Hamilton Halimark 
Cherry Hill 
TEL: (609) 424-0110 


Parsippany 
TEL: (201) 515-1641 


Wyle Electronics 

Mt. Laurel 

TEL: (609) 439-9110 

Pine Brook 

TEL: (201) 882-8358 

Zeus, An Arrow Company 
TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


NEW MEXICO 


Hamilton Halimark 
Albuquerque 

TEL: (505) 828-1058 

Zeus, An Arrow Company 
TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


NEW YORK 


Alliance Electronics, Inc. 
Binghamton 
TEL: (607) 648-8833 


Huntington 
TEL: (516) 673-1930 


Arrow/Schweber 
Farmingdale 
TEL: (516) 293-6363 


Hauppauge 
TEL: (516) 231-1000 


Melville 

TEL: (516) 391-1276 
TEL: (516) 391-1300 
TEL: (516) 391-1633 


Rochester 
TEL: (716) 427-0300 


Hamilton Hallmark 
Long Island 
TEL: (516) 434-7400 


Rochester 
TEL: (716) 475-9130 


Ronkonkoma 
TEL: (516) 737-0600 


Zeus, An Arrow Company 
Pt. Chester 

TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


NORTH CAROLINA 
Arrow/Schweber 


Raleigh 
TEL: (919) 876-3132 


EMC 
Charlotte 
TEL: (704) 394-6195 


Hamilton Hallmark 
Raleigh 
TEL: (919) 872-0712 


Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


OHIO 
Alliance Electronics, Inc. 


Dayton 
TEL: (513) 433-7700 
Arrow/Schweber 


Solon 

TEL: (216) 248-3990 
Centerville 

TEL: (513) 435-5563 


EMC 
Columbus 
TEL: (614) 299-4161 


Hamilton Halimark 
Cleveland 
TEL: (216) 498-1100 


Columbus 

TEL: (614) 888-3313 
Dayton 

TEL: (513) 439-6735 
Toledo 

TEL: (419) 242-6610 
Zeus, An Arrow Company 
TEL: (708) 595-9730 

TEL: (800) 52-HI-REL 


OKLAHOMA 


Arrow/Schweber 
Tulsa 
TEL: (918) 252-7537 


Hamilton Hallmark 
Tulsa 
TEL: (918) 254-6110 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


OREGON 


Almac/Arrow 
Beaverton 
TEL: (503) 629-8090 


Hamilton Hallmark 
Portland 
TEL: (503) 526-6200 


Wyle Electronics 
Beaverton 

TEL: (503) 643-7900 
Zeus, An Arrow Company 
TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


PENNSYLVANIA 


Arrow/Schweber 
Pittsburgh 

TEL: (412) 856-9490 
Hamilton Hallmark 
Pittsburgh 

TEL: (800) 332-8638 

Zeus, An Arrow Company 
TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


TEXAS 


Alliance Electronics, Inc. 
Carrollton 
TEL: (214) 492-6700 


Allied Electronics, Inc. 
Ft. Worth 
TEL: (800) 433-5700 


North American Authorized Distributors (Continued) 


Arrow/Schweber 
Austin 
TEL: (512) 835-4180 


Dallas 
TEL: (214) 380-6464 


Houston 
TEL: (713) 647-6868 


Hamilton Halimark 
Austin 
TEL: (512) 258-8848 


Dallas 
TEL: (214) 553-4300 


Houston 
TEL: (713) 781-6100 


Wyle Electronics 
Austin 
TEL: (512) 345-8853 


Houston 
TEL: (713) 879-9953 


Richardson 
TEL: (214) 235-9953 


Zeus, An Arrow Company 
Carrollton 

TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


UTAH 


Arrow/Schweber 
Sait Lake City 
TEL: (801) 973-6913 


Hamilton Hailmark 
Salt Lake City 
TEL: (801) 266-2022 


Wyle Electronics 

West Valley City 

TEL: (801) 974-9953 

Zeus, An Arrow Company 
TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


WASHINGTON 


Aimac/Arrow 
Bellevue 

TEL: (206) 643-9992 
Hamilton Hallmark 
Seattle 

TEL: (206) 881-6697 


Wyle Electronics 
Redmond 

TEL: (206) 881-1150 

Zeus, An Arrow Company 
TEL: (408) 629-4789 

TEL: (800) 52-Hi-REL 
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WISCONSIN 


Arrow/Schweber 
Brookfield 
TEL: (414) 792-0150 


Hamilton Hallmark 
Milwaukee 
TEL: (414) 780-7200 


Wyle Eijectronics 
Waukesha 

TEL: (414) 521-9333 

Zeus, An Arrow Company 


TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


Harris Semiconductor 
Chip Distributors 


Chip Supply, Inc. 


7725 N. Orange Blossom Trail 


Oriando, FL 32810-2696 
TEL: (407) 298-7100 
FAX: (407) 290-0164 


Eimo Semiconductor Corp. 


7590 North Glenoaks Blvd. 
Burbank, CA 91504-1052 
TEL: (818) 768-7400 

FAX: (818) 767-7038 


Minco Technology Labs, Inc. 


1805 Rutherford Lane 
Austin, TX 78754 
TEL: (512) 834-2022 
FAX: (512) 837-6285 


Puerto Rican 
Authorized Distributor 


Hamilton Hallmark 
TEL: (809) 731-1110 


South American 


Authorized Distributor 
Graftec Electronic Sales Inc. 
One Boca Place, Suite 305 East 


2255 Glades Road 

Boca Raton, Florida 33431 
TEL: (407) 994-0933 

FAX: 407 994-5518 


BRASIL 


Graftec Brasil Ltda. 


Rua baroneza De ITU 336 - 5 


01231-000 - Sao Paulo - SP 
Brasil 

TEL: 55-11-826-5407 

FAX: 55-11-826-6526 


European Sales Offices and Representatives 


European Sales Headquarters AUSTRIA 


Harris S.A. Eurodis Electronics GmbH 
Mercure Center Lamezanstrasse 10 

Rue de la Fusee 100 A - 1232 Vienna 

B-1130 Brussels, Belgium TEL: 43 1 61062-0 


TEL: 32 2 724 21 11 FAX: 43 1610625 
FAX: 32 2 724 2205/...09 


DENMARK 
Deico AS 


Titangade 15 

DK - 2200 Copenhagen N 
TEL: 45 35 82 12 00 

FAX: 45 35 82 12 05 


FINLAND 
J. Havulinna & Son 


Reinikkalan Kartano 
SF - 51200 Kangasniemi 
TEL: 358 59 432031 
FAX: 358 59 432367 


SALES OFFICES 


* Field Application Assistance Available 
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European Sales Offices and Representatives (Continued) 


FRANCE 
Harris Semiconducteurs SARL 


* 2-4, Avenue de l'Europe 
F - 78941 Velizy Cedex 
TEL: 33 1 34 65 40 80 (Dist) 
TEL: 33 1 34 65 40 27 (Sales) 
FAX: 33 1 39 46 40 54 


GERMANY | 
Harris Semiconductor GmbH 
* Putzbrunnerstrasse 69 
D-81739 Munchen 
TEL: 49 89 63813-0 
FAX: 49 89 6377891 


Harris Semiconductor GmbH 
Kieler Strasse 55-59 

D-25451 Quickborn 

TEL: 49 4106 50 02-04 

FAX: 49 4106 6 88 50 


Harris Semiconductor GmbH 
Wegener Strasse, 5/1 

D - 71063 Sindelfingen 

TEL: 49 7031 8 69 40 

FAX: 49 7031 87 38 49 


Ecker Michelstadt GmbH 
In den Dorfwiesen 2A 
Postfach 33 44 

D - 64720 Michelstadt 
TEL: 49 6061 22 33 

FAX: 49 6061 50 39 


Erwin W. Hildebrandt 
Nieresch 32 

D - 48301 Nottuln-Darup 
TEL: 49 2502 60 65 
FAX: 49 2502 18 89 


FINK Handelsvertretung 
Laurinweg, 1 

D - 85521 Ottobrunn 
TEL: 49 89 6 09 70 04 
FAX: 49 89 6 09 81 70 


Hartmut Welte 
Hepbacher Strasse 11A 
D - 88677 Markdorf 
TEL: 49 7544 7 25 55 
FAX: 49 7544 7 25 55 


ISRAEL 
Aviv Electronics Ltd 
Hayetzira Street, 4 Ind. Zone 
IS - 43651 Ra’anana 
PO Box 2433 
IS - 43100 Ra’anana 
TEL: 972 9 983232 
FAX: 972 9 916510 


European Authorized Distributors 


AUSTRIA 
Avnet E2000 GmbH 
Waidhausenstrasse 19 
A- 1140 Wien 
TEL: 43 1 9112847 
FAX: 43 19113853 


EBV Elektronik 
Diefenbachgasse 35/6 
A- 1150 Wien 

TEL: 43-222-8941774 
FAX: 43-22-8941775 


Eurodis Electronics GmbH 
Lamezanstrasse 10 

A- 1232 Wien 

TEL: 43 1610620 

FAX: 43 1610625 


Spoerle Electronic 
Heiligenstadter Str. 52 
A- 1190 Wien 

TEL: 43 1 31872700 
FAX: 43 1 3692273 


* 


BELGIUM 
Diode Spoerle 

* Keiberg II 
Minervastraat, 14/B2 
B-1930 Zaventem 
TEL: 32 2 725 46 60 
FAX: 32 2 725 45 11 


EBV Elektronik 
Excelsiorlaan 35 

B - 1930 Zaventem 
TEL: 32 2 716 00 10 
FAX: 32 2 720 81 52 


*& 


* Field Application Assistance Available 


Eurodis Texim Electronics 
* Avenue des Croix de 

Guerre 116 

B - 1120 Brussels 

TEL: 32 2 247 49 69 

FAX: 32 2 215 81 02 


DENMARK 
Avnet Nortec 
Transformervej, 17 
DK - 2730 Herlev 
TEL: 45 42 84 2000 
FAX: 45 44 92 1552 


Ditz Schweitzer 
Vallensbaekvej 41 
Postboks 5 

DK - 2605 Brondby 
TEL: 45 42 45 30 44 
FAX: 45 42 45 92 06 


FINLAND 
Avnet Nortec 


Italahdenkatu, 18 

SF - 00210 Helsinki 
TEL: 358 061 318250 
FAX: 358 069 22326 


Bexab 

Sinimaentie 10C 

P.O. Box 51 

SF - 02630 ESPOO 
TEL: 358.0.50 23 200 
FAX: 358.0.50 23 294 


ITALY 
Harris SRL 
* Viale Fulvio Testi, 126 
1-20092 Cinisello Balsamo, 
(Milan) 
TEL: 39 2 262 07 61 
(Disti & OEM ROSE) 
TEL: 39 2 240 95 01 
(Disti & OEM Italy) 
FAX: 39 2 262 22 158 (ROSE) 


NETHERLANDS 
Harris Semiconductor SA 
Benelux OEM Sales Office 
Kouterstraat 6 
NL - 5345 LX Oss 
TEL: 31 4120 38561 
FAX: 31 4120 34419 


SPAIN 
Elcos S. L. 
C/Avda. Europa, 30 1 B-A 
Spain 28224 Pozuelo de Alarcon 
Madrid 
TEL: 34 1 352 3052 
FAX: 34 1 352 1147 


TURKEY 
EMPA 
Besyol Londra Asfalti 
TK - 34630 Sefakoy/ Istanbul 
TEL: 90 1 599 3050 
FAX: 90 1 599 3059 


FRANCE 
3D 
Zi des Glaises 
6/8 rue Ambroise Croizat 
F - 91127 Palaiseau 
TEL: 33 1 64 47 29 29 
FAX: 33 1 64 47 00 84 


Arrow Electronique 

73 - 79, Rue des Solets 
Silic 585 

F - 94663 Rungis Cedex 
TEL: 33 1 49 78 49 78 
FAX: 33 1 49 78 05 96 


Avnet EMG France 

79, Rue Pierre Semard-P.B. 90 
F-92320 Chatillon Sous Bagneux 
TEL: 33 1 49 65 25 00 

FAX: 33 1 49 65 25 39 


CCi Electronique 

12, Allee de la Vierge 
Silic 577 

F - 94653 Rungis 
TEL: 33 1 41 80 70 00 
FAX: 33 1 46 75 32 07 


EBV Elektronik 

Parc Club de la Haute Maison 
16, Rue Galilee 

Cite Descartes 

F - 77420 Champs-sur-Marne 
TEL: 33 1 64 68 86 09 

FAX: 33 1 64 68 27 67 


* 


= 
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UNITED KINGDOM 
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Harris Semiconductor Ltd 
Riverside Way 

Camberley 

Surrey GU15 3YQ 

TEL: 44 276 686 886 

FAX: 44 276 682 323 


Laser Electronics 
Ballynamoney 
Greenore 

Co. Louth, Ireland 
TEL: 353 4273165 
FAX: 353 4273518 


Complementary 
Technologies Ltd 

Redgate Road 

South Lancashire, Ind. Estate 
Ashton-In-Makerfield 
Wigan, Lancs WN4 8DT 
TEL: 44 942 274 731 

FAX: 44 942 274 732 


Stuart Electronics Ltd. 
Phoenix House 
Bothwell Road 
Castlehill, Carluke 
Lanarkshire ML8 5UF 
TEL: 44 555 751566 
FAX: 44 555 751562 


Harris Semiconductor 


Chip Distributors 


Edgetek/Rood Tech 
Zai De Courtaboeuf 
Avenue Des Andes 
91952 Les Ulis Cedex 
TEL: 33 1 64 46 06 50 
FAX: 33 1 69 28 43 96 
TWX: 600333 


Elmo 

Z. A. De La Tuilerie 

B. P. 1077 

78204 Mantes-La-Jolie 
TEL: 33 1 34 77 16 16 
FAX: 33 134 77 95 79 
TWX: 699737 


Hybritech CM (HCM) 

7, Avenue Juliot Curie 

F - 17027 LA Rochelle Cedex 
TEL: 33 46 45 12 70 

FAX: 33 46 45 04 44 

TWX: 793034 


EASTERN A 


HEV Gm 
Alexanderplatz 6 

D - 10178 Berlin 
Postfach 90 

D - 10173 Berlin 

TEL: 49 30 243 34 00 
FAX: 49 30 243 34 24 


European Authorized Distributors (Continued) 


GERMANY 


a 


Avnet/E2000 
Stahlgruberring, 12 

D - 81829 Munchen 
TEL: 49 89 4511001 
FAX: 49 89 45110129 


EBV Elektronik GmbH 
Hans-Pinsel-Strasse 4 

D - 85540 Haar-bei-Miinchen 
TEL: 49 89 45610-0 

FAX: 49 89 464488 


Eurodis Enatechnik 
Electronics GmbH 
Pascalkehre, 1 

D - 25451 Quickborn 
P.B. 1240 

D - 25443 Quickborn 
TEL: 49 4106 701-0 
FAX: 49 4106 701 268 


Indeg Industrie Elektronik 
Emil K6mmerling Strasse 5 
D - 66954 Pirmasens 
Postfach 1563 

D - 66924 Pirmasens 

TEL: 49 6331 9 40 65 

FAX: 49 6331 9 40 64 


Sasco Semiconductor 
GmbH 

Hermann-Oberth Strasse 16 
D - 85640 Putzbrunn-bei- 
Munchen 

TEL: 49 89 46 11-0 

FAX: 49 89 46 11-270 


Spoerle Electronic 
Max-Planck Strasse 1-3 

D - 63303 Dreieich-bei-Frankfurt 
TEL: 49 6103 304-8 

FAX: 49 6106 3 04-201 


GREECE 


Semicon Co. 

104 Aeolou Street 
GR - 10564 Athens 
TEL: 30 1 32 53 626 
FAX: 30 1 32 16 063 


ISRAEL 


Aviv Electronics 

Hayetzira Street 4, Ind. Zone 
IS - 43651 Ra’anana 

PO Box 2433 

IS - 43100 Ra’anana 

TEL: 972 9 983232 

FAX: 972 9 916510 


ITALY 


* 


* Field Application Assistance Available 


EBV Elektronik 

Via C. Frova, 34 

I - 20092 Cinisello Balsamo (MI) 
TEL: 39 2 660 17111 

FAX: 39 2 660 17020 


Eurelettronica 

Via Enrico Fermi, 8 

I - 20090 Assago (MI) 
TEL: 39 2 457 841 
FAX: 39 2 488 02 75 


Lasi Elettronica 
Viale Fulvio Testi 280 
I - 20126 Milano 

TEL: 39 2 66 10 13 70 
FAX: 39 2 66 10 13 85 


Silverstar 

Viale Fulvio Testi 280 
I - 20126 Milano 

TEL: 39 2 66 12 51 
FAX: 39 2 66 10 13 59 


NETHERLANDS 

* Auriema Nederland BV 
Beatrix de Rijkweg, 8 
NL - 5657 EG Eindhoven 
TEL: 31 40 502602 
FAX: 31 40 510255 


* Diode Spoerle 
Coltbaan 17 
NL - 3439 NG Nieuwegein 
TEL: 31 3402 912 34 
FAX: 31 3402 359 24 


Diode Spoerle 

Postbus 7139 

NL - 5605 JC Eindhoven 
TEL: 31 40 54 54 30 
FAX: 31 40 53 55 40 


EBV Elektronik 
Planetenbaan, 2 

NL - 3606 AK Maarssenbroek 
TEL: 31 3465 623 53 

FAX: 31 3465 642 77 


* 


NORWAY 
Avnet Nortec 
Smedsvingen 4B 
Box 123 
N - 1364 Hvalstad 
TEL: 47 66 84 62 10 
FAX: 47 66 84 65 45 


PORTUGAL 
Amitron-Arrow 
Quinta Grande, Lote 20 
Alfragide 
P - 2700 Amadora 
TEL: 351.1.471 48 06 
FAX: 351.1.471 08 02 


SPAIN 
Amitron-Arrow S.A. 
Albasanz, 75 
SP - 28037 Madrid 
TEL: 34 1 304 30 40 
FAX:34 1 327 24 72 


EBV Elektronik 

* Calle Maria Tubau, 6 
SP - 28049 Madrid 
TEL: 34 1 358 86 08 
FAX: 34 1 358 85 60 


SWEDEN 
Avnet Nortec 
Englundavagen 7 
P.O. Box 1830 
S - 171 27 Soina 
TEL: 46 8 629 1400 
FAX: 46 8 627 0280 


Bexab Sweden AB 
P.O. Box 523 
Kemistvagen, 10A 

S - 183 25 Taby 
TEL: 46 8 630 88 00 
FAX: 46 8 732 70 58 


SWITZERLAND 


= 


Avnet E2000 AG 
Boehirainstrasse 11 
CH - 8801 Thaiwil 
TEL: 41 1 7221330 
FAX: 41 1 7221340 


Basix Fur Elektronik 
Hardturmstrasse 181 
CH - 8010 Zirich 
TEL: 41 12 76 11 11 
FAX: 41 1 2761234 


EBV Elektronik 
Vorstadtstrasse 37 
CH - 8953 Dietikon 
TEL: 41 1 745610 
FAX: 41 1 7415110 


Eurodis Electronic AG 
Bahnstrasse 58/60 

CH - 8105 Regensdorf 
TEL: 41 1 84 33 111 
FAX: 41 1 8433 910 


Fabrimex Spoerle 

Cherstr. 4 

CH - 8152 Opfikon-Glattbrugg 
TEL: 41 1 874 6262 

FAX: 41 1 874 6200 


TURKEY 


EMPA 

Besyol Londra Asfalti 

TK - 34630 Sefakoy/ Istanbul 
TEL: 90 212 599 3050 

FAX: 90 212 599 3059 


UNITED KINGDOM — 
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Arrow-Jermyn Electronic 
Vestry Industrial Estate 
Sevenoaks 

Kent TN14 5EU 

TEL: 44 732 743743 

FAX: 44 732 451251 


Avnet Emg 

Jubilee House, Jubilee Road 
Letchworth 

Hertfordshire SG6 1QH 
TEL: 44 462 488500 

FAX: 44 462 488567 


Farnell Electronic 
Components 

Armley Road, Leeds 
West Yorkshire LS12 2QQ 
TEL: 44 532 790101 

FAX: 44 532 633404 


Farnell Electronic 
Services 

Edinburgh Way. 
Harlow 

Essex CM20 2DE 
TEL: 44 279 626777 
FAX: 44 279 441687 


Micromark Electronics 
Boyn Valley Road 
Maidenhead 

Berkshire SL6 4DT 
TEL: 44 628 76176 
FAX: 44 628 783799 


Thame Components 

Thame Park Rd. 

Thame, Oxfordshire OX9 3UQ 
TEL: 44 844 261188 

FAX: 44 844 261681 
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Harris Semiconductor 


Chip Distributors 
Die Technology Ltd. 
Corbrook Rd., Chadderton 
Lancashire OL9 9SD 
TEL: 44 61 626 3827 
FAX: 44 61 627 4321 
TWX: 668570 


Rood Technology 

Test House Mill Lane, Alton 
Hampshire GU34 2QG 
TEL: 44 420 88022 

FAX: 44 420 87259 

TWX: 21137 


South African 
Authorized Distributor 
TRANSVAAL 


Allied Electronic Components 
10, Skietlood Street 

isando, Ext. 3, 1600 

P.O. Box 69 

Isando, 1600 

TEL: 27 11 392 3804/. . .19 
FAX: 27 11 974 9625 

FAX: 27 11 974 9683 


Asian Pacific 
Sales Offices and 
Representatives 


NORTH ASIA 
Sales Headquarters 
APAN 


Harris K.K. 
Kojimachi-Nakata Bldg. 4F 
5-3-5 Kojimachi 
Chiyoda-ku, Tokyo, 102 Japan 
TEL: (81) 3-3265-7571 
TEL: (81) 3-3265-7572 (Sales) 
FAX: (81) 3-3265-7575 
SOUTH ASIA 
Sales Headquarters 
HONG KON 
Harris Semiconductor H.K. Ltd. 
139/F Fourseas Building 
208-212 Nathan Road 
Tsimshatsui, Kowloon 
TEL: (852) 723-6339 
FAX: (852) 739-8946 
TLX: 78043645 


AUSTRALIA 
VSI Electronics Pty, Ltd. 
Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 


INDIA 
Intersil Private Limited 
Plot 54, SEEPZ 
Marol Industrial Area 
Andheri (E) Bombay 400 096 
TEL: (91) 22-832-3097 
FAX: (91) 22-836-6682 


SALES OFFICES 


European Authorized Distributors (Continued) 


KOREA 
Harris Semiconductor YH 
RM #419-1 
Korea Air Terminal Bidg. 
159-6, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 
TEL: 82-2-551-093 1/4 
FAX: 82-2-551-0930 


Inhwa Company, Lid. 
Room #305 

Daegyo Bidg., 56-4, 
Wonhyoro - 2GA, 
Young San-Ku, 

Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 


KumoOh Electric Co., Ltd. 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 

TEL: 822-279-3614 

FAX: 822-272-6496 


PHILIPPINES 
intergral Silicon Solution, Inc. 
6th Floor Peakson Bidg 
1505 Princeton Street 
Cor. Shaw Bldg. 
Mandauyong 
TEL: 632-786652 
FAX: 632-786731 


SINGAPORE 
Harris Semiconductor Pte Ltd. 
105 Boon Keng Road 
#01-18/19 Singapore 1233 
TEL: (65) 291-0203 
FAX: (65) 293-4301 
TLX: RS36460 RCASIN 
GS Technology Pte, Ltd. 
Block 5073 #02-1656 
Ang Mo Kio Industrial Park 2 
Singapore 2056 
TEL: (65) 483-2920 
FAX: (65) 483-2930 


Asian Pacific Authorized Distributors 


AUSTRALIA 
VSI Electronics Pty, Ltd. 
Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 


CHINA 
Means Come Ltd. 
Room 1007, Harbour Centre 
8 Hok Cheung Street 
Hung Hom, Kowloon 
TEL: (852) 334-8188 
FAX: (852) 334-8649 


Sunnice Electronics Co., Ltd. 


Flat F, 5/F, Everest Ind. Ctr. 
396 Kwun Tong Road 
Kowloon, 

TEL: (852) 790-8073 

FAX: (852) 763-5477 


HONG KONG 
Array Electronics Limited 
_24/F., Wyler Centre 
Phase 2 
200 Tai Lin Pai Road 
Kwai Chung 
New Territories, H.K. 
TEL: (852) 418-3700 
FAX: (852) 481-5872 
inchcape Industrial 
10/F, Tower 2, Metroplaza 
223 Hing Fong Road 
Kwai Fong 
New Territories 
TEL: (852) 410-6555 
FAX: (852) 401-2497 
Kingly International Co., Ltd. 
Flat 03, 16/F, Block A, 
Hi-Tech Ind. Centre 
5-12 Pak Tin Par St., 
Tsuen Wan 
New Territories, H.K. 
TEL: (852) 499-3109 
FAX: (852) 417-0961 


JAPAN 
Hakuto Co., Ltd. 
1-1-13 Shinjuku Shinjuku-ku 
Tokyo 160 
TEL: 81-3-3355-7615 | 
FAX: 81-3-3355-7680 
Jepico Corp. 
Shinjuku Daiichi Seimei Bidg. 
2-7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 
TEL: 03-3348-0611 
FAX: 03-3348-0623 


Macnica Inc. 

Hakusan High Tech Park 
1-22-2, Hakusan 
Midori-ku, Yokohama-shi, 
Kanagawa 226 

TEL: 045-939-6116 

FAX: 045-939-6117 
Micron, Inc. 

DJK Kouenji Bidg. 5F 
4-26-16, Kouenji-Minami 
Suginami-Ku, Tokyo 166 
TEL: 03-3317-9911 

FAX: 03-3317-9917 


Okura Electronics Co., Ltd. 
Okura Shoji Bldg. 

2-3-6, Ginza Chuo-ku, 
Tokyo 104 

TEL: 03-3564-6871 

FAX: 03-3564-6870 
Takachiho Koheki Co., Ltd. 
1-2-8, Yotsuya 

Shinjuku-ku, Tokyo 160 
TEL: 03-3355-6696 

FAX: 03-3357-5034 


a 


* Field Application Assistance Available 


TAIWAN . 
Harris Semiconductor | 
Room 1101, No. 142, Sec. 3 
Ming Chuan East Road 
Taipei, Taiwan 
TEL: (886) 2-716-9310 
FAX: 886-2-715-3029 
TLX: 78525174 


Acer Sertek Inc. 

3F, No. 135, Sec. 2 

Chien Kuo N. Road 

Taipei, Taiwan 

TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 
Applied Component Tech. 
Corp. 

8F No. 233-1 

Pao-Chia Road 

Hsin Tien City, Taipei Hsien, 
Taiwan, R.O.C. 

TEL: (886) 2 9170858 
FAX: 886 2 9171895 


KOREA 
KumOh Electric Co., Ltd. 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 
TEL: 822-279-3614 
FAX: 822-272-6496 


inhwa Company, Lid. 
Room #305 _ 
Daegyo Bldg., 56-4, 
Wonhyoro - 2GA, 
Young San-Ku, 

Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 


NEW ZEALAND 
Components and 
Instrumentation NZ, Ltd. 
19 Pretoria Street 
Lower Hutt 
P.O. Box 38-099 
Wellington 
TEL: (64) 4-566-3222 
FAX: (64) 4-566-2111 


PHILIPPINES 
intergral Silicon Solution, Inc. 
6th Floor Peakson Bidg 
_ 1505 Princeton Street 
Cor. Shaw Bidg. 
Mandauyong 
TEL: 632-786652 
FAX: 632-786731 
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Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 

Fu Hsing South Road 
Taipei, Taiwan 

TEL: (886) 2-705-7266 
FAX: 886-2-708-7901 
TECO Enterprise Co., Ltd. 
10FL., No. 292 

Min-Sheng W. Rd. 

Taipei, Taiwan 

TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 


SINGAPORE 


B.B.S Electronics Pte, Ltd. 
1 Genting Link 

#05-03 Perfect Indust. Bldg. 
Singapore 1334 

TEL: (65) 748-8400 

FAX: (65) 748-8466 


Device Electronics Pte, Ltd. 
605B MacPherson Road 
04-12 Citimac Ind. Complex 
Singapore 1336 

TEL: (65) 288-6455 

FAX: (65) 287-9197 


Willas - Array Pte, Ltd. 
40 Jalan Pemimpin 
#04-03B Tat Ann Building 
Singapore 2057 

TEL: (65) 353-3655 

FAX: (65) 353-6153 


TAIWAN 


Acer Sertek Inc. 

3F, No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 

TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 


Applied Component 
Technology Corp. 

8F No. 233-1 Pao-Chial Road 
Hsin Tien City, Taipei Hsein, 
Taiwan, R.O.C. 

TEL: (02) 9170858 

FAX: (02) 9171895 

Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 

Fu Hsing South Road 

Taipei, Taiwan 

TEL: (886) 2-705-7266 | 

FAX: 886-2-708-7901 

TECO Enterprise Co., Ltd. 
10FL., No. 292, Min-Sheng W. Rd. 
Taipei, Taiwan 

TEL: (886) 2-555-9676 | 

FAX: (886) 2-558-6006 
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